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It was a one-in-a-million accident - 
but Number Five, designed to be a 
strategic artificially intelligent 
weapons system, the most 
sophisticated robot on the planet. 

I *, has escaped - and has come to 
the conclusion that he's alive I 
I Now the scientist who put him 
together wants to take him apart 
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again to find out what went wrong. 
The president of Nova Robotics wants 
to capture him before the weapons he's 
carrying kill millions of civilians. 

r l And the security chief wants to 

blow him up so that he can get 
home in time for dinner. 
YOU are Number Five... YOU are alive 
and YOU have got to stay that wayl 




FEATURES 



REGULARS 



FIRST STEPS IN MACHINE CODE: Advice lor beginners 
from Alan Davis. 

14 



EXPERT SYSTEMS: Lei your computer decide. 
IB 



PRINTER GRAPHICS: How to gel the best out of your 

printer. 

22 



GREAT GRAPHICS: A round up of all the best graphics 
hardware and software. 

24 



DISCIPLE: Could this be Itie ultimate interface? 

30 



MINI STUDIO; A sound sampler for the Spectrum. 

32 



THE VALUE OF TABLES Pete Cook, author of Academy 
and Tau Cell, reveals some of his programming 
secrets, 

U 



NEWS: The return of Monty Mole. 

4 



SHORT CUTS; More readers' routines. 

42 



OL COLUMN: News of a new SuperbasEc compiler. 

49 



ACROSS THE POND: U.S. news. 
60 



CROSSFIRE: Readers* letters. 

71 



RANDOM MEMORY: Programming advice from Clyde 

Blsh. 

72 



DISCOVERY COLUMN Routines from Discovery owners. 

64 



CROSSWIRES: Problem Page. 

67 




STREAMS AND CHANNELS: Ton* Baker says that you 
CAN use your ZX Printer with the Spectrum 128. 

66 



ni T V“ 

p I A * A A 

a a mm 

V Is. S*|t|_ 

■ mpppm TST 

M A A 

m it mmmmm 







Gauntlet (62) 



PROGRAMMING PROJECTS 



PROJECT x Ray Elder throws down a programming 
challenge. 
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Grange Hill After Hours 



The Grange Hill cost gel I he 
arcade odveniure treatment in 
Argus Press Softwares release 
based on the Phil Redmond 
book, Grange Hill After Hours, 
The plot in this animated icon 
driven game centres on Luke 
Gonclr Gardener's attempt lo 
retrieve his confiscated Walk* 
man from the school. With his 
accomplice Paul Hollo" Hollo- 
way he must break Into the 
school otter horn gei his Walk- 
man and so avoip,! he wroih of 
his mum. 

Not surprisingly they run inlo 
many of the other characters 
such as Griltllhs Ihe caretaker 
and I m el da Davies, the school 
wllch and sometimes when 
things get dicey Hollo has lob© 
pleaded wllh to carry on. 
There's a degree of Inters cl Ion 
that enables you to talk lo char- 
acters and iheir response Is in 
keeping with their cha racier 
Grange Hill — The Computer 
Game costs £9,95. 





Monty 

Returns 

Again 



Gremlin’s Monty Mole It 
back tor his fourth outing In 
Auf Wledersehn Monty, Peter 
Harr op, author ot the first 
Monty platform escapade 
has been recalled fa 
produce what Is said to be 
positively the Iasi Manly 
game. In the mark IV Monty 
you must guide him across 
Europe while in the process 
picking up sufficient funds 
to buy Ihe Greek Island at 
Monies where he can enjoy 
a peaceful retirement. 

But will It ha the last Monty 
game? Will Peter Horrop 
wake up one day soon and 
find Monty In the Shower 
doing a Bobby Ewing and 
eager to traipse over the 
platforms yet again. The 
answer of course lies in how 
many Monty fans shell out 
>r the laler 



for the ia to si last game- 



Spectrum Games Top Ten 


1 ( 3) Gauntlet 


US Gold 


2 ( ) Footballer of the Year 


Gremlin 


3 ( 1) Trivial Pursuit 


Domdrk 


4 ( 7) Space Harrier 


Elite 


5 ( ) Super Soccer 


Imagine 


6 ( 5) The Great Escape 


Ocean 


7 ( 2) Computer Hits 3 


Beau Jolly 


fl ( 3) Paper Boy 


Elite 


9 ( ) Heodcoach 


Addictive 


10 ( ) Breakthru 


US Gold 


(Chari supplied by W.H. Smllhj 
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Joystick 
To Hand 



The makers of Ihe Phosor One 
Joystick ore hoping to slim the 
opposition with their new 
"handheld'' stick design. Mode 
by Britannia Soil ware, the 
Phosor One can be used by 
either righl or left handed 
gamers and loot tires. Ihe Joy- 
stick placed on lop of the pistol 
grip wilh the trigger placed 
ideally for the index finger. 
Complete with an extra long 
coble, presumably for firing on 
Ihe move the Phasor One costs 
112-95. 

Britannia Software (0222 
AIM 135) 



Yearplanner Winners 



A legion ol ZX readers set out to 
rhyme their way to a Level 9 
Yearplanner. Perhaps our 
favourite was Alistair May of 
Elgin, Scotland who managed 
to rhyme 'adventures 1 ' and 
"dentures’ in a poetic gem 
worthy of William McGonogle 
The other winners ore: 

R. Wilkinson, Rugby; Joy 
Sachonla, Millon Keynes; C 
Granl. Irvine; R, Tart, Bracknell; 
6 Galloway. Liverpool; M Ack- 
royd, London $E1$; Ql. Wicker, 
Fakenham; J. Jacobsen, Glos- 
trup. Denmark; R, Thrower, Lon- 
don SW18 T. RtdJey-Thompson. 
Lambley, I. Rogers, Devizes; P. 
Owen, Slefcup; M. Summers. 
Morpeth; G Bond, Co Anlrlm; 
D.V Filip. Goraardsbergen. Bel- 



S lum; G Collins. Normonfo; B 
:oN, Gateshead; M Maysaml. 
Duisburg, W. Germany; H. Wll- 
I lorn son, Moray; J. Welsh, Gab- 

S ow; T Jamieson, St Helens; E JL 
hun. Lancaster; j, Shelting, 
Cardiff; R. Sands, Skipion; R Lay- 
cock, London SE6; m. Kemp Lon- 
don SElB; H. Spoil, London SE7; 
RGB Rage, Liverpool; M Austin, 
Chesham; E, Bennet. London 
SWtl; G Blake, Glasgow; C Mor- 
gan. Croydon; M. Benjamin, 
Northants; A, Beale, Bfandford 
Forum; M. Beaman, Ilford; P Rey- 
nolds, Sleaford: D Rode maker. 
Fblmghuiien, Gent, Belgium; D 
Morrison. Aberchirder; A. McLel 
tan, Paisley; & Carter. London E2; 
A. Rlgg, York. 




New Alignments 

Loading problems? interceptor Micros hove just released an 
Azimuth Head Alignment Tape for 4&K and both 12&K 
Spectrum*. Avid Azimuth checker* should note that the 
package which includes the head alignment program, a test 
program on Ihe reverse side (WheeTln Walfte), Instruction 
manual, screwdriver and pointer, retails at £8.99. 



Azimuth Head Alignment Tape 





Throne 

Together 

Mike Singlelon ol Lords of Mid- 
night and Doomsdark Revenge 
fame is learning up with Mel- 
bourne House la release a 
"mulll-ptayer combat game" 
called Thrones of Fire The 
game is a three-sided power 
struggle with two players and a 
computer opponenl or one 
player and Iwo computer 
adversaries. The Ihree roles 
playtid ore Ihoso ol sons ol the 

late King Alherlk each vying lor 
the vacant ihrone. Alliances 
can be formed (and broken of 
course) as you Iry to out- 
manoeuvre your fraternal foes 
Unlike some medieval 
strategy gomes Thrones of Fire 
promises large animated 
figures hacking away al each 
other with axe and broadsword. 
Priced at £8.95 Throne of Fire 
has a projected release date of 
April. Meanwhile onoihor Mike 
Singlelon game Dark Sceptre 
for Beyond So It ware has dill vet 
to see the light of day. Will 
Throne of lire suffer the some 
fate of repeated delays? 
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NEWS 




Enduro Racer 



Indoor Games 



ActMsion aw set to release 
the conversion of Saga's coin- 
op motorcycle simulation 
Tnduro Racer The game is a 



gruelttng trait bike marathon 
over progressively rougher 
terrain tndufo Racer will cost 
1 6.95 




Super Sunday 

tn the wake at the Superbowl, Nexus are releasing an 
American Football simulation called Super Sunday. Costing 
£9.95 Super Sunday will feature 20 of the teams who have 
appeared In the Superbowl since I960. Details of the 1987 
finalists Denver Broncos and the New York Giants wilt also 
be Included, 

Super Sunday will combine animation with players' 
performances based on past form statistics. When you've 
decided which move your learn will make, alt the players an 
screen move during the play. There Is a two player option 
or you can lake on the computer There Is also an Ouloploy” 
option where the computer plays two sides against the other 
based purely on tho teams' past form. 



Lift for Quicksilva 




Elevator Action is a game where former Mil operators will hove 
a definite advantage In this coin op conversion you must guide 
Agent Oito from Ihe top ol a skyscraper 1o Ihe bollom where 
his getaway car is wailing. Otto can certarnly lake care of 
himself as he is able lo "shoot, jump, ride duck and karate kick 
his way to safety" The gome retails ai £895 




Screenshots from Advance bowling, darts oir hockey 
Software 's four-in-cno Indoor and ping pong which wilt 

games leal unrig 10 pin retail for £895. 



Adventures On Paper 



Incentive Software, 
producers of tho Graphic 
Adventure Creator have 
released a new Designer 
pad for Adventurers. Each 
pad consists of over 200 
double sided A4 pages and 



is aimed at those who want 
to organise their adventure 
writing more efficiently. The 
GAC Designer Pad costs 
£7.95 plus £1.25 p6p 
Incentive Software, [07356 
77288}. 
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ICONS AND 
OLD MASTERS 



Copies ol Audiogenics 1 
enhanced Icon Graphix for the 
126 are on oiler In this 
competition designed lor the art 
connoisseur If you are a 48K 
Spectrum owner don't despoir, 
just tick the appropriate box on 
(he entry coupon and if you win 
you'll receive a copy of ihe 
original Icon Graphix. 

All you have to do 1o win is 
correclJy Identify the Ihree 
famous piclures on 
this page and name the artists 
who painled them. 

II you con spot all three 
pictures and their pointers and 
ore among the first twenty-five 
entries pulled out ol the hat, you 
will soon be creating modern 
masterpieces on your Spectrum 
with Icon Graphix. 

The competition is open to all 
ZX readers excepi employees ol 
Argus Specialist Publications, 
Chase Web and Audiogenic 



Soltware Ltd The editors 
decision Is linal and no 
correspondence 

Send your entries to Icon 
Graphix Competition. ZX 
Computing. No 1 Golden 



Square, London W1R 3A& 

Please remember to put your 
address on your entry envelope, 
The closing date for entries is 
April 10th, 



Icon Graphix Competition 



A) 


Title - 


t 




) 


Artist - ( 


) 


B) 


Tide - 


( 




) 


Artist - ( 


) 


C) 


Title - 


[ 




) 


Artist - t 


) 


Please tick your machine 


- 48K 


□ 


128K □ 





Name 

Address 



Send your entries to Icon Graphix Competition, ZX Computing. No 1 
Golden Square, London W1R3 A6 
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Get coughl In the wrong 
place at the wrong time and 
you'll be sent to solitary to cool 
your heels. This also destroys 
your morale and can also 
Increase the number ol guards 
that are assigned. A constanl 
escort of three guards makes 
escaping almost Impossible 

Your morale Is extremely 
Important and Illustrated by a 
flag at the side of Ihe screen. 

As escape attempts fall and 
objects are confiscated your 
morale drops. The tower it gets 
the less likely you are able to 
break out of "auto prisoner" and 
escape until finally at zero all 
player control is lost and the 
game is over. 

After recent Ocean disasters 
such as Miami Vice and Knight 
Rider t was surprised ol how 
good this game was. It takes a 
little while to get into it as you 
Jusl observe Ihe normal prison 
rouline 

Then you can tind the 
opportunttles to duck through a 
door, search the room contents, 
steal anything Jnleresling and be 
out before the guards notice 
you're missing. 

You can only carry around 



A 3D POW escape 
game that captures the 
imagination 



■— ocked in a prison camp your 
dally rouline consists of roll calls, 
exercise periods and escape 
attempts. 

If you’re indecisive for more 
lhan ◦ few seconds you’ll 
automatically follow the daily 
routine of sleeping, walking and 
eating. It you want to try 
something else then a press of 
the fire button regains control. 
Now you can explore the camp, 
seorch and find potentially 
useful objects and scout out 
possible escape routes. Bui you 
must return to the camp routine 
if you wont to slay oul of solitary, 

Swapping in and out of this 
bulo prisoner" mode is essential 
If you are to escape as It 
ensures you get to roll calls, eat 
and sleep but allows you some 
lime to explore the camps 
without raising the alarm. 



two objects ol any lime and so 
you have to find a safe place to 
stash them before the big 
escape, 

A good hiding place and a 
possible escape route is the 
tunnel that you can find by 
moving Ihe boiler In your rooml 
Unfortunately, the tunnel network 
Is complex and dllficult to 
novigate in the dark, but if you 
found a torch , , . 

The game graphics are 
excellent as Ihe comp is 
created from 255 scrolling 30 
screens full of prisoners, guards, 
dogs, barbed wire, buildings 
(most of them oil limits) and 
searchlights. 

All night the camp is 
enclosed in darkness that allows 
you lo explore freely if you can 
avoid ihe palrots and the 
searchlights. 

The odds however are against 
you and you'll probably spend 
the rest of the night in sotilary, 

A brilliant idea, superbly 
implemented. Ocean’s best ever 
Speclrum game! 
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The Great Escape 

Ocean 

£7.95 






AVAILABLE NOW! 



the all purpose interface to take 
your Spectrum to the limit 






DISK INTERFACE 

* Allows up to 1,6 Mb of storage on 2 drives 

* Loads a full 48K program in 3.S seconds 

* Simple Basic Syntax 

* Compatible with any standard drive - single or double 
density, single/double sided, 40/80 track. 3 , 3 : : , 5 1 r . 

SNAPSHOT BUTTON 

it Saves any program instantly - at any point you wish and 
as often as you like. 

PRINTER INTERFACE 

* Compatible with the whole range of Centronics Parallel 
printers. 

* Uses normal Sinclair commands - 
LUST, L PRINT COPY 

* Permits user defined and screen graphics. 



DUAL JOYSTICK PORTS 

★ Sinclair and Kempston compatible. 

NETWORKING 

it Operating system allows Disciple to act as file server; 
shared access to printer and disc drive for up to 64 
Spectrum s 

* Interlace l Compatible 




Use the disciple with any Spectrum - even the new Plus Two model. 



the disc PLE 



the ultimate disk, printer, joystick and network controller for the Spectrum 



£89.95 



(trie VAT) 



Designed by Miles Gordon Technology for Rockfort Products (a trading division of Vignesh Ltd) 



FABULOUS PACKAGE PRICES 


To; Rockfort Products. 81 Church Road, London NW4 40P 

Please send rnePOST FREE.. (Quantify) DISCIPLE Interfaces 

-I £80.95 each, including VAT A PAP. 

t enclose CHEQUDPOSTAL ORDER for £ 


Disciple/Drive from £155. 
Disciple/Drive/Printer from £325 
For more information call us 
on 01-203 0191 or visit our 
London showroom for a 
demonstration 


OR debit by ACCESS Q ot VISA J (He* as appropriate) 

CARD HO 1111,11111 H □□□ 

EXPIRY DATE 

SIGNATURE - - 


NAME f Bktck Capitals J * 


annPFRft _ , 




_ - Wmteadfr. . 




Overseas orders and irade enquiries welcome. Tele* 946240. Ref, 190*12450 
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♦ 



Spectrum in October, Amitrad in November. Commodore 64 in December. 



All £9,95 



Sates dept., 

Castle Lodge, Castle Green, 
Taunton, Somerset TAT 4AB 



England *«**!•*«• iwuiimm 



software getting harder . . . 








Spectrum & Am s trad 
available November 20th 

Commodore 64 
available January 20th 

Trade enquiries to Centresoft 

on 02! 156 lisa 

Sales dept., 

Castle Lodge, Castle Green, 
Taunton, Somerset TAV 4AB 
England 











Brian Clough's 
Football Fortunes 
CDS 
£ 14.95 



crisis 'Selection Problems" is a 
square lo beware of as Ihe 
computer program chooses one 
ot your players randomly who is 
either injured or retired causing 
you to frantically rejtiggle the 
team. 

Plenty of variety is built into 
the board game but to stop or»y 
chance ot it becoming repiti- 
fious you can conduct iranster 
deals and haggle over players 
at any point in the game and if 
someone is selling otl players to 
ovoid bankruptcy the bargain- 
ing can get very fierce indeed. 

There's an awlul lot of 
entoymem to be had out ot 

Football Fortunes wheth er vou 

enjoy footba ll qu ick. CDS hove 

element and Ihe more players 
yotThave (from two to five con 
ploy) the belter the game ■ : 

change the com pdfer' pro gram 
prays d’fUflHHng role to ihe 
prayers ana^Mboll Fortunes Is 
all the bettdlPhat. 



s# hen popular board games 
have been adapted lor the 
home computer they have often 
been a disappointment Games 
that con draw people round a 
table like a magnet tend to lose 
jhetr appeal when the monitor 
screen is Ihe locus ot a item ion 

Perhaps with this In mind. CDS 
have designed a game that 
keeps the appealing social 
aspects of board games (ie it 
con get very competitive and 
there are plenty ot oppo rtunitie s 
10 outsmart your opponents) 
while t QTtmn a out all the donVey 
work - rolling fneoice. statistics. 
JWJflPI results etc to th e 
computer 

Football Fortunes Is orl«k 

enter qrtgBO hybrid that 
been ^■ro^ought out to e^P 
majdmuerBbid over the football 
lanatics imagination, It you've 
ever followed football you will 
definitely have put together your 
"dream team" wiih all your 
lavourite players. With Football 
Fortunes you con try to do iusr 
that in your quest to carry oft the 
League and Cup double Suc- 
cess depends on assembling a 





strong squad from the available 
player cards, each card 
represents a well known player 
and gives his category 
[defender midfield, etc) and a 
star roiing 1 to 5 

It your favourite player has 
been teit out there are blank 



cards provided so you can 
include them the star ratings 
are bound to spark an orgumeijf 
or two especially it your 
particular hero is deemed lo be' 
only worlh one star The total star 
ratings for defence and attack 
ore fed into the computer before 
each match to indieale your 
team's currenl form 









The game proceeds much 
along the lines of a conven- 
tional board gome Throw the 
computerised dice and proceei 
around ihe board, which is 





sizeable (fitting it into the double 
casseite size box was a master- 
piece of ortgarmj to land on 
squares lhai may be to your 
i advantage tike sponsorship or 

* send you sliding Into bankruptcy * 

The manager s Tuck square may | 

, be good or bod. and result in a 

windfall or going seriously Into 



v\io 







Bay Elder sets the next 
programming 
challenge in this 
interactive series. 

Welcome 10 ihe second in Ihis 
occasional series intended to 
present o problem, discuss 
means of arriving at a solution 
ond ihen leave It to you to 
produce Ihe coding to do the 
job 

Firsl may I soy lhai I was 
pleasantly surprised at Ihe good 
response from Ihe last Project X 
Entries are still arriving and I will 
present the solution which 1 think 
Is most efficient, original and 
interesting in Ihe next Issue, 
meanwhile on to this project 
which is , , , 

The Shuffle 

Over the Iasi few years l hove 
seen, used and devised several 
ways of simulating the shuffling 
of a pack of cards. As a side 
product ihe solution to this may 
also be a means of producing a 
non repealing sequence of 
random numbers which may 
widen the scope of the 
applications of this exercise. 

1. Identify Problem. 

We need to be able to select 
a series ot numbers 1-52, which 
represent the 52 cards In a 
pack, in q random or mixed up 
order with no repetition of 
previously selected 
numbers/cards. 

2. Breakdown of process. 

This is fairly straightforward in 
theory; 

a) Sel up a rep resen to I ion ot a 
pock of cards 

b) Swap the cards positions in 
the pack (Jumble up or Shuffle). 

3. Possible Approaches. 

In practice Ihe 
implementation offers several 
ways The Random number 
generator will obviously be 
called on in order to effect ihe 
actual shuffle ond the mosl 
complex pari is likely to be the 
means of ensuring ihol 
selections are no! repealed 

In the most basic computer 
card games (and in one or two 
early commercial gomes ) have 



seen this happen) a card is 
simply selected purely al 
ramdom The player loses faith 
in the program when he/she 
draws Iwo nine ol diamonds or 
live aces! 

One approach would be to 
select a card at random and 
then check it against a list of the 
cards previously chosen to make 
sure ihai it hash! been picked 
before This means fhal alt 
previously selected cards have 
to be kept recorded to enable 
the check to be made, 

A decision has to be mode of 
the way Ihe card wifi be 
selected. 11 could be a 
slraigh (for word random number 
between 1 ond 52 (INI 
(RNO'52 + 1)) and Ihen use a 
table to look up the actual card 
and value. IE. 1 may equal the 
ACE of SPADES. 2 ihe TWO of 
SPADES elc up to 52 perhaps 
being the KING of DIAMONDS. 

II this method is used then 
each selected number needs to 
be stored somehow, possibilities 
are id store as a number or as a 
string. If kept in numberical form 
then perhaps the simplest way 
would be to DIM an array 
variable lo 52 - DIM S(52) - this 
also initialises each ol the 52 
elements fo 0, and os each 
number is chosen ihen change 
that element to 1 as a flog that 
it has already been picked. 

The check code would be 
something like IF S(number) THEN 
GO TO choose again line, 

This is perfectly OK for gomes 
where only a few cards are 
required each hand (such as 
ponloon) but if ◦ lot of cards are 
used Ihen Ihe selection 
procedure slows io an 
unbearable level as many 
reseleclions and checks need lo 
be made, Vau also hove Ihe 
problem of keeping another 
record of the numbers lor 
reference, 

An Alternative? 

Rather Ihon flit the empty array 
il could be sel lo the numbers 
firsl then shift each number 
around, this also has Ihe 
advantage of keeping a 
recording ol each number 

Somelhing like DIM S( 52):FOR 
1=1 TO 52:LET S(I]=I:NEXT I to sel 



im 

up Ihe array and then select iwo 
RND numbers between 1 & 52 
and swap the contents ol the 
array, eg: LET 
A=INT(RND*52+1]:LET 
B = lNT(RND*52+1):LiT X=S[A);LET 
S(A)~S(B):LET S(B)=X 

Put this In a loop tor as many 
times as If takes to get a good 
mix ond away we gol 

Of course we sfilT need a 
table so thol we con work out 
which number represents which 
cord, but the acluai shuffle takes 

0 Iraction ot Ihe time that Ihe 
first method would take. 

Personally I wouldn't use either 
method, but I thought it worth 
looking at the first two ways 
because the second method 
has a wider application than for 
our card shuffle In that it is a 
very effective way of producing 
a numerical non repealing 
sequence ol random numbers. 

If you think of a pack of cards 
then Ihere are two elemenls. the 
number or value and Ihe suit — 

Hearts, Spades, Diamonds and 
Clubs — Ihe non numerical 
cards are Ace, Jock, Queen and 
King ll is almost as if the 
designer of cards had us 
computer bods In mind- NONE of 
these names begin with the 
same letter! 

This means we could set up o 
string to represent the cords 
using H.S.D.C,A.J,G. and K to 
represent each of these words A 
typical set up mighl be LET 
C£="AH2H3H4ZM5H6H7H9HTKJ 
HQHKHAS2S3S4S5S6S7S8S9STSJ 
$Q$K$AD2D3D4D5Q6D706D9DT 
DJDQDKDAC2C3C4C5C6C7CB 
C9CTCJCQCKC 1 ' 

Note lhai l used I to represent 
10 because this then means lhat 
each card is represented by 
only Iwo characters Shuffling 
becomes a matter of picking an 
element of C$ at random, 
removing it from the siring and 
adding 11 lo Ihe front or Ihe end 
of Ihe string for as many times as 
it takes to gel a good mix. 

ll you set up the variables 
T.JQ.K and A fo a value of 10 
then finding the numerical value 

01 the card is a matter of gelling 
the VAL ol the firsl of the two 
elements that represent a card. 

So now what? I hope this has 
started a lew Ideas buzzing 
around ond. just like The fast 
lime, we would like to see the 
results of your ideas, especially if 
you know of, or create a 
completely unique method of 
solving the probletn. 

What we would like is a short 
program which shuffles a pack 
ol cards and deals two cards 
face upl We do not want a full 
game, bul we will take into 
consideration the solution to the 
shuttle problem and the quality 
ol the graphic representation ol 
Ihe cards. 

The program($) which impress 
us most will be featured, and 
ihek authors suitably rewarded, 
in a lufure issue. 
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FIRST STEPS INTO 
MACHINE CODE 



Alan Davis makes the 
transition from BASIC 
into machine code. 



VXSlosl people seem to find no 
greal difficulty In becoming 
reasonable proficient at BASIC 
programming, after a little 
practice ana experience, Bui 
sooner or later they realise the 
limitations of BASIC seek to go 
furlher — and find themselves up 
against the notorious 'machine 
code barrier ' It's a barrier that, 
sadly, many tall to Cross (though 
often not for wont of trying), and 
I gather That the question "How 
do I pass from BASIC to machine 
code programming?" Is still one 
of the most common requests in 
the ZXC mailbag. So here's my 
own attempt to provide a very 
simple approach with a 
minimum of jargon — by which I 
mean VERY SIMPLE INDEED' I'm 
going 1o sacrifice discussion of 
a number of issues which would 
be theoretically desirable, 
because the most important 
thing is to make thai Initial 
transition and ocluofly write 
machine code programs, no 
matter how irlvial, Even it you've 
tried before and tolled, I hope I 
can persuade you to hove 
another go — because I'm 
convinced thal mosl people 
give up simply because ihey've 
tried to swallow too much, too 
soon. 

The cursed hex 

tf hove Med fo come to grips 
with machine code before, 
you've probably been horrassed 
by hexadecimal, tousled by 
“two's complement" and 
stultified by "the stack". But 
though you’ll EVENTUALLY need 
to get to grips with such things if 
you're to become really 
proficient, you can in (act get 
started without them. There are 
certain disadvantages in doing 
so — but we're desperate folk, 
and desperate measures are 
colled fori So let’s begin What, 
exactly. Is machine code"? 

Though you may not be 
aware of it, you're using 
machine code every lime you 
run a BASIC program on your 
Spectrum You may think that the 
compuier understands BASIC 
commands such as PRINT AT 



10,121'Hello!" - but it doesn't. 
When we program in BASIC we're 
being spoon fed by a complex 
end length program which Is 
present in the Spectrum when 
we switch on, part of whose task 
Is to translale our BASIC 
instructions Into a form that Ihe 
heart of Ihe computer — the ZBO 
microprocessor - can cope 
with. What the Z80 understands is 
the stuff we call machine code: 
a sequence of numbers which 
cause the ZBO to perform certain 
actions If we by-pass the 
Spectrum’s "translating" system 
and feed the Z80 directly with 
Ihe correct numbers, we con 
exercise total control over Ihe 
machine Heady stutl! 

First steps 

So let's write a machine code 
program First of all we need to 
secure an area of memory so 
ihot any fiddling about in BASIC 
lhat we do worn interfere with it, 
and we con do this using CLEAR 
59999. This means That we can 
safely manipulate any address 
from 60000 upwards. Next, enter 
these two direci commands, one 
after the other: 

POKE 60000,0 
POKE 6000,201 

What you've Jusi done is to store 
two numbers (which Together 
make up a machine code 
program) In the Spectrum's 
memory at addresses 60000 and 
60GD1. Whoi we do now Is to 
direct Ihe ZBQ's attention to this 
sequence of numbers and you 
can do this by entering 
RANDOMIZE USft 60000 Try It 
yourself, now You might think 
that nothing has happened — 
but you’d be wrong: quite a lot 
has happened, infacl. First, the 
ZBO looked at the contents of 
address 60000, and found the 
number 0. This is the machine 
code ‘ NO OPERATION'' 
inslrucllon which tells the Z80 to 
do nothing at all. So for o tiny 
fraction of a second it did 
Indeed do nothing. Then it 
looked at the contents of the 
next address (60001) and found 
the number 201 This is the 
’RETURN" instruction, which In 
this case tells Ihe ZS0 to leave 
the machine code program at 
this point and effectively "return 
to BASIC” And so the obedient 
ZBO, without further oda did just 
that — which is why at the end 



you were presented with Ihe OK 
report ai the bottom of the 
screen. The machine code 
program has been completed, 
and normal service has been 
resumed. 

Now, the good news is that in 
understanding that, you've 
understood a machine code 
program Of course you’ll very 
rightly point out that it's not a 
very useful program — but lhat 
doesn't matter The important 
thing fo appreciate is thai what 
1o us looks like a string of 
numbers is effectively a 
sequence of commands to the 
Z80. Herein, of course, lies a 
problem: I'm not a ZBO, and 
neither are you. The number 0 
doesn't immediately moke us 
think DO NOTHING", and the 
number 201 certainty doesn’t 
moke us think 'RETURN", It we 
had to learn lo read and write 
machine code like this, life 
would be very hard Indeed — 
but lorlunately. we don’t have to. 

Whal we need, really, is some 
sort of intermediate language to 
act as a butter between 
ourselves and the Z80. and 
forlunately such a language 
does exist it's coiled ASSEMBLY 
language, which is a kind ol 
droslically abbreviated pidgin 
English where each machine 
code Instruction (1 hot Is, a 
number or series of numbers) Is 
represented by a mn&monic (a 
set of Jeffers) which is much 
easier tor us to understand To 
take an example, il we translate 
our littte machine code program 
above into assembly language. 

It looks like this: 

NOP (No Operation) 

RET (Return to BASIC) 

This is much easier to get to 
grips with, isn't it? You can 
understand It; I can understand 
It, but the bad news Is that Ihe 
Z80 can'll It wants noihing more 
nor less than NUMBERS, The 
solution lies in on ASSEMBLER 
program - and this. I’m alrold. 
is the poinl at which you'll need 
to blow the dust off your cheque- 
book. There are plenty of 
assembler programs on the 
market and I'm by no means 
familiar with all of them myseif, 
having settled long ago on 
Hisoft’s DEVPAC assembler. I've 
also heard of friendlier programs 
available These days, more 
suited to beginners 
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LISTING 1 






LISTING 3 




Do nothing, then 


return 


Read contents of 


one address, 


to BASIC. 




add one, and put 


result into 








another address. 




60000 


10 


ORG 60000 








6000® 


20 


NOP 


60000 


10 


ORG 60000 


60001 


30 


RET 


60000 


20 


LD A, (ADDR 1 ) 








60003 


30 


INC A 








60004 


40 


LD ( ADDR2 ) , A 








60007 


50 


RET 








60008 


60 ADDR 1 


DEFB 2 








60008 


70 ADDR2 


DEFB 0 




LISTING 2 






LISTING 4 




Copy 


contents of 


one address 


Add the contents 


of two 


into 


another , 




addresses, and store result in 








a third address. 




60000 


10 


ORG 60000 








60000 


20 


LD A,( ADDR1) 


60000 


10 


ORG 60000 


60003 


30 


LD C ADDR2 ) * A 


60000 


20 


LD A, ( ADDR 1 ) 


60006 


40 


RET 


80003 


30 


LD B, A 


60007 


50 ADDK1 


DEFB 2 


60004 


40 


LD A, ( ADDR 1 ) 


60008 


60 ADDR2 


DEFB 0’ 


60007 


50 


ADD A , B 








60008 


60 


LD ( ADDR3 ) , A 








600 1 1 


70 


RET 








60012 


30 ADDR 1 


DEFB 2 








60013 


90 ADDR2 


DEFB 3 








80014 


100 ADDR3 


DEFB O 



Assembler 



A good assembler program, 
once running, will take over the 
control of your Spectrum to allow 
you lo enter and edit a program 
in assembly language, and will 
then "assemble", or transiale, 
your program Info machine 
code Bui it should also do 
much more For example, it 
should allow you to use line 
numbers which, Ihough not 
essential, help you lo keep track 
of what you're doing. II will allow 
you lo aMach LABELS to certain 
addresses - which Is yet 
another move towards making 
your program more closely 
resemble English. And It will also 
allow you to use certain other 
instructions [assembler directives 
and assembler commands ) 
which ore not translated Into 
machine code, but which 
Instruct the assembler program 
lo take specific actions — and 
these generally make life easier 
for you, There's no shorl cut here. 
I'm afraid. You’ll need lo spend 

0 bit of time reoding and 
absorbing Ihe relevant sections 

01 the manual for your 
assembler In order lo discover 
just whot editing facilities ore 
available lo you. However, on 
example will moke Ihings 
clearer — so let s take a look at 
Listing 1. which is what I got 
afier assembling our "do nothing 
and return lo BASIC program. 



Firsf, I should point out that in 
order to get all the listings given 
here l instructed the assembler 
to print addresses (these are in 
the left hand column of ihe 
listings) in decimal, rather than 
the more usual hexadecimal - 
and incidentally, the facility to 
have this option is something 
you may like to check when 
choosing your assembler. It can 
make Ihings quite a bit simpler. I 
also instructed It not to bother 
fisting the machine code that it 
produces; the £30 needs Ihose 
numbers, but we don't at this 
stage On. then to the program 
proper. You II see that line IQ 
contains an assembler direglive 
which all assemblers will 
recognise, namely ORG 60000. 
The ORG directive is important 
because it tells tne assembler 
where to put the machine code 
It generates — and in our case 
this Is to be from addresses 
60QQQ onwards. 

Line 20 contains the flrsl 
actual assembly language 
Instruction (NOP), and line 30 
completes the program with Ihe 
RET Instruction, The left hand 
column of the listing is 
produced aulomalicaliy when 
the program is assembled (le. 
when the assembler is instructed 
to translate the mnemonics to 
aclual machine code) and it 
shows Ihe addresses at which 
each machine code instruolion 
has been stored - in this case 
our machine code program 



uses oniy two addresses: 60000 
and 60001 

Registers 

Now this is all very well, bul you 
could reasonably be asking by 
this time ’Can we have a 
program which actually DOES 
something, please?" So let's 
move on and see what else the 
£30 can do. You probabty know 
already lhat the £80 has a 
number ol REGISTERS, and you 
may also know that these have 
names: there's ihe A" register, 

"B“ register, ’ C", ond so on. Each 
of these registers can at any 
lime hold any one number 
belween 0 and 255 (le one BYTE 
— fust like any address in Ihe 
Spectrum's memory). And there 
are dozens of machine code 
instructions which allow the 280 
to copy a number from one 
register into another, and also to 
communicate wilh the outside 
world (ie the Spectrum's 
memory). The assembly 
language mSlruClion LD, ELA, (or 
example, means "copy (or LoaD) 
the contents of ihe A register into 
Ihe 8 regisler" Similarly, LD QB 
means "copy the conlents ol the 
B register into the C register" 
There are also instructions (or 
pulling numbers directly into 
registers — so thoi LD A,23 lor 
example means "pul the 
number 23 into the A register". 

As you can imagine, we 
could write a cheerlul Jitlle 
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program causing the Z80 to 
mutTer away merrily to itself, 
swapping numbers back and 
forth between Its registers wflhoul 
affeclmg the outside world Q1 Oil 
- but 1 don't think thafs what 
you mean by a program that 
"does something**, so lei’s move 
hastily on. How can we pass 
information between Ihe Z80 
and the Spectrum's memory? 

The simplest way of doing if is 
by means at an Instruction such 
as LD A, (address). This would 
cause the Z80 to look at ihe 
specified address In the 
Spectrum's memory, and copy its 
contents Into the A register. You 
can achieve the reverse process 
with ihe instruction LD 
(oddress).A — which would make 
the Z80 copy the contenls ot the 
A register Into the specllied 
address In the Spectrum's 
memory. (There’s a limit to what 
you can do in this line, however, 
and the A register is the only 
single register which con 
communicate directly wllh 
specified addresses in this way. 
LD (address) Isn’t allowed, tor 
Instance), 

I think you'll see that we 
could use these instructions to 
copy a byte from one memory 
location 1o another, thus: 

LD 4,(60010) 

LD (60011),A 
RET 

This would food the number in 
address 60010 into the A register, 
copy It into address 60011, and 
then return to SASIC (To do the 
same thing in BASIC you‘d use 
the instruction POKE 60011, PEEK 
60010). This would be fine if you 
knew In advance which memory 
locations to specify while writing 
your program, but in fact more 
often ihat not. you don't — ot 
least, not until you've assembled 
your code. Its time for fhe trusty 
assembler program to come to 
the rescue again, so let’s have a 
look ai Listing 2. 



Labels 

There are two new concepts 
involved in Listing 2, both 
concerned wllh the ability ot on 
assembler program to give you 
an easy ride The first is the 
concept of labels When I typed 
this assembly language 
program In, I decided to call my 
two addresses ADDR1 and 
ADDR2 respectively - and so 
lines 20 and 30 contain the 
instructions needed for copying 
ihe contents of A0DR1 info 
ADDR2, The assembler is 
perfectly happy about this 
provided I iell It whot l mean by 
those labels somewhere — and 
I’ve done this in lines 50 and 60 
using an assembler directive 
‘‘DEFB number". (Think of DEFB as 
meaning "DEFine Byte") When 
the assembler encounters the 
DEFB directive it reserves a single 
byle of the Spectrum's memory 



and inserts whatever number 
has been assigned — so in this 
case it will store fhe number 2 in 
ADDR1 and the number 0 in 
AD DR 2. As you can see from 
Listing 2, the assembler has 
allocated ADDR1 the value 
60007, and ADDR2 the value 
6008, neatly tucking our reserved 
bytes away at Ihe end of the 
machine code program itself 
incidentally, you may have 
noticed that ihe addresses in Ihe 
left hand column Increase 
initially in steps ot three; this is 
because the machine code 
instruction corresponding to LD 
A,(addres$] consists ot three 
numbers — one to specify the 
actual instruction LD A,(number) 
and two more to specif the 
address concerned. Bui don't 
worry about It tor the present — 
lhafs the assembler's job, not 
yours. 

You can Iry this for yourself by 
typing the program into your 
assembler, assembling it, then 
reluming to BASIC Before 
running the machine code, 
check for yourself that PEEK 
60007 and PEEK 60008 give Ihe 
values 2 and 0 respectively. Now 
enter RANDOMIZE USR 60000, 
and do your PEEKs again This 
time BOTH addresses should 
contain the number 2. providing 
Ihai your machine code 
program has indeed copied the 
contents of the first address into 
the second, POKE another 
number into 60007, Iry 
RANDOMIZE USR 60000 again, 
and then have another PEEK. 

Again, it’s important that you 
do try these ihings for yourself, 
as opposed fo merely reading 
about them. If only fo become 
familiar wilh the use ol your 
assembler program. Try 
extending ihe program in Listing 
so that it wltt copy fhe contents 
of ADDR1 inlo TWO other 
addresses (you'll need to add 
another instruction LD (ADDR3JA 
and use DEFB 1o reserve another 
byte labelled ADDR3) 

When you've mastered the 
foregoing, you'll want fo stretch 
your newly grown machine 
code wings a little further 
Instead of merely copying 
numbers from one place to 
another, let's see if we cant ring 
o few changes Actually, It's no! 
difficult to do so because 
simple instructions exist for 
Increasing or decreasing Ihe 
contents ot registers by 1 — tor 
example, INC A (‘increase 
contenls ol A register by 1*1 and 
DEC A (’decrease contenls of A 
register by 1”). Listing 3 shows 
how INC A can be used in a 
program fo Transfer the number 
held In one memory address to 
another. Increasing It by one en 
roule Try it for yourself, PEEKing 
the appropriate addresses both 
before and after the machine 
code has been run 1o check 
that alt Is welt, and then try 
writing your own amendments 
using DEC A — or try using 



INC A twice in succession to 
Increase a number by 2. 



Adding 

Our Iasi example — listing 4 — 
shows how simple addition of 
small numbers can be achieved 
using fhe Instruction ADD, A.B 
("add contents ol B register to 
contenls of A register. leaving 
the result In A"). Tf you lollow ihis 
routine through, you'll see fhal 
the contents of the memory 
address ADDR1 are copied 
directly Into Ihe A register, and 
then Inlo the B register using 
LD B.A (We need to take this 
Indirect route because there's no 
LD B(address) instruction) Then A 
reads in the contents ot ADDR2, 
and the addition Is performed 
by ADD A, 8 The resuit Is now in 
the A regisier, so we finished off 
by copying If into a third 
address, ADDR3 betore returning 
to BASIC Again, you con check 
it all for yourself by PEEKing 
ADDR1 (60012). ADDR2 (60013), 
ond ADDR3 (60014) before ond 
after running the machine code. 
You can also try different 
numbers, of course, by poking 
them Into A0DR1 and ADDR2 
from BASIC It you want to try 
subtraction, then by at! means 
do so: the Instruction you need 
is SUB B ("Subtract contents ot B 
register from contents of A 
register, leaving the result in "A”) 
— but for the present you’d do 
well to ensure that you use 
numbers which will produce a 
positive result. 

This (s as far as t intend fo go 
In this article, and you may be 
understandably disappointed 
Ihat our progress has been 
decidedly limited. Well yes, it 
has — ond very deliberately so I 
know that you wont to learn 
about all Ihe olher registers; to 
be able to use programming 
loops; to handle numbers in 
excess of 255; and lots more 
besides That's a fob tor the 
future, though, ond the Important 
Ihing for now is to get your foot 
on the first rung ot the machine 
code ladder; io make that 
critical transition towards 
Blinking in terms of registers ond 
addresses Use fhe Ideas In this 
article to write simple routines 
for yourself — no moller how 
useless they may be except as 
practice examples — and then 
congratulate yourself when you 

S at them working. Familiarity is 
e key 

Once you've got this tar. then 
you're on your way. But what 
next? Well, you could do much 
worse that to buy "Machine 
Code for Beginners" published 
by Usborne at a mere £199. This 
will gently fill in much 
background material that I've 
omitted here, and Indeed will 
take you further on. Or, you 
could wait until nexl month 
when I'll be delving further into 
machine code , . . 
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EXPERT SYSTEMS 



Tkanslormirtg your 
Spectrum or QL into an 
oracle of advice — 
with David Nowotnik. 



I_ ast month. In part 1 of (his 
series, I described the essential 
elements lhal go to make a 
computer "expert system'. As a 
reminder, an expert system 
provides the means to place 
inlo a compuier not only the 
knowledge but the experience 
of a human expert which a non- 
expert can interrogate to obtain 
benefits such as advise. Table 1 
lists the Important parts of an 
expert system, and in this article, 
and in the next lew months I'll 
be examining some of these 
element providing 
demonslralion programs tor Ql 
and Spectrum computers 

Like any other programming 
problem, there Is no single 
solution to ihe production of an 
expert system. There ore many 
algorithms already, and many 
more ideas are being 
developed, so all I can give you 
in ihe next few months is o 
picture of whai makes an expert 
system. This month we shall 
examine two ways in which you 
can gel a compuier to come to 
a decision. 

Go along to a human expert 
for advise, and the usual course 
ol events is something tike this: 

First of all the human expert 
will ask you to define the 
problem, to determine exactly 
what you wish 1o know from him. 
Next he will ask you questions. 
These questions are selected by 
the expert to provide him with 
information, which he can 
match ogainst his own 
knowledge base II is experience 
which guides the direction of his 
questions. In an Ideal world, he 
wlft end up with sufficient 
information 10 provide a perfect 
match with something In his 
knowledge base to give you a 
single, unequivocal answer, 

The real world isn't quile tike 
that; your expert’s knowledge 
base may not be perfect for the 
problem you have You may not 
:>e able to provide all Ihe 
nformation required. You ore 
more likely to end up with one 
or more opinions from your 
expert, each opinion with 
different level ot certainty. 

Lack ol cerlainty (uncertainty) 
is something I'll consider later In 
the series; for now, lei's consider 
ourselves and our computer 
expert to be perfect! 

The majority of computer 



Table 1. Main El*m»n1t ol an Export Syttom 

1. Knowledge Base 

2. Inference Engine 

3. User Interface 

4. Use of Statistics and Probabilities 

5. Ability to learn new rules/knowledge 

6. Provide an explanation of Its decision 



expert systems produced to dale 
are designed to tackle a fairly 
specific problem. So, with the 
computer expert 1 , you have 
already delined the problem 
you wish to have solved by 
selecting a particular expert 
system. When you RUN any 
expert system, you should gel a 
message to felt you whai areas 
of expertise that program is 
capable ot dealing with, and 
you will immediately start Ihe 
question ond answer dialogue. 

How does Ihe expert know 
which questions fo ask. and 
what does he do with the 
information he receives? These 
are two imporlant questions in 
designing on expert system. In 
the rest of Ihis article. I II be 
considering two solutions. 

Consider this rather trivial 
problem. You want your expert 1o 
tell you the name of a particular 
mode of transport. The expert 
wiil ask you o series of questions 
relating to features of ihe type ol 
vehicle you have in mind, ond 
after o number of questions and 
answers, he is able to name the 
type of transport. 

Yes it Is trivial, but 1 have 
deliberately chosen on example 
in which we should all be 
"experts', so that you can 
understand the logic of 
choosing questions and the 
interpretation of answers 

In the example programs t 
provide, our computer 'expert' is 
aware of 13 modes of transport 
(see program lines 1500 to 1630 
in Fig. 1 or Fig 4). One strategy 
for finding the right answer is to 
ask a series of questions each 
answer in turn able to eliminate 
o group ot vehicles until only 
one is left. This strategy is called 
serial decision making. 

Pathways 

For Ihis example, the human 
expert on transport (me!) has 



selected a set of queslions to 
which the user provides yes/no 
answers. There is a set path 
through a series of queslions 
from the start of the interrogation 
to any one particular answer. 

Fig. 2 shows all the polhs 
through the question ond 
answers in the expert system 
listing given In Fig. 1. 

The first question is always the 
same; does Ihe vehicle transport 
people on land? A "yes' answer 
immediately eliminates water 
crofl and aircraft; the "expert 1 
then asks if it travels on roils. It 
the answer is 'yes'. Ihe problem Is 
solved, and Ihe answer Train' Is 
given; if the reply Is 'no! then the 
expert knows the vehicle Iravels 
on road, and two more 
questions are required 1o 
determine which of Ihe four road 
vehicles known to our expert' is 
the one in question. 

For any experl system using 
this serial approach to decision 
making, the human expert 
designing the system has to be 
aware ol all possibilities. The 
queslions have to be un- 
ambiguous* so that Ihe user con 
provide the correct answer every 
time; any one incorrect response 
always ends in a wrong answer 
from our expert. 

But, before we examine the 
failings of this approach too 
deeply, why not try it out for 
yourself. The listing in Fig. 1 is 
suitable for both the Ql and 
Spectrum. The program was 
written on the QL (hence the 
command REMark. which will 
appear as REM on the 
Spectrum), but tested on both 
machine* 

Ql SuperBASIC perfectionists 
will be horrified by all the 
GOTOs and GOSUBs, bul some 
allowance had to be made lor 
the Spectrum's less structured 
BASIC! Spectrum users should 
use V instead ot for joining 
strings (tines 5200 and 5210), and 
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ftgutti 1* QUSpvcIriim Llihng 



im 



10 Rtrirtrk Siflkple Expert Syitem 
20 REridrh U'>iriQ ^rnal dccistoP-Adfdfiq 

30 RENarf 

40 REMar i Dav id Mow tm k 
SORErtarl Jdhuory, 1907 
60 R£H*r k 

J 00 Htn.irl Initial i %t? J- Title? 

HO LET K“i?OO0 

170 RESTORE j READ t* 

130 CL St RR1W1 ti 
140 PRINT 5 PR INI 

J30 PRINT r 1 Mill A£k you d HTlff ©I M 
160 Pft (NT "quHliOftt* Afts.wi?r Math y“ 

170 PRINT “for yes of ft for nD for 1 * 

100 PfttNf "each ofii? until L prwid« H 
190 PR I if i "you with thi> fLOlutian*” 

700 Pft IN I I PRINT 
210 RCftar* 

W0 REHarl H*nn L&ap 

730 RESTllRl M 

240 READ ,v*b*c 

730 IF bsO THEN go To tiooo 

260 GO SUP SI 40 

220 INPIII r»i IF J* TUN GO IO 270 

7®0 IF r*C!»-*y” OR 2 tU)^V“ THEN LEI M-tol PRiUJ “ 

y*J*l GO TU 230 

790 IF x«CI)**ri* Oft it 1 1 I M * N“ THEN LET n^c; ■ 

Hfl-i GO TO 230 
300 DO TO 270 
1 10 hfc*L*rt 
fciO REfljir I 

OOO DATA "pi IINMJNE THE IVPE OF IfiflHSfURJ* 

HI'- HE Hurt 

900 REfUrk OuAwtiDn-i 

1000 DATA "Dotl It travel Oft I *ft(i “ 

1010 DAI A w Pot*i it tr*VV»l nn r^l U“ 

1020 DATA "IhwJ it twft «h»i*l n fc 

1030 PAPA h Is It pouer i-il by .ift engine^ 

1040 DATA "Cun it carry rfUjf u thdn ft ffcMMfftgfrr % m 
1 050 DAI A *Diws it trawl men* th.ui 20 feet <ibuvn 

th* aurlac*" 

1060 DATA "l* travels cm watert 0om* i t an ly I I oat 
cm the* HirfiCf^ 

1070 0A1A "llftr-, It havi? f iM#d Mirigft* 

100(1 PA I A “ | u i I wind PUM wd* 

1090 DATA Tail It tr^wal b*lc»H th* ^yrfiCP # 

1300 ItEHfcirl AniwrS 
ISIO DATA "Irdih" 

IS20 DATA "motor blfc« M 
1530 DATA nil cyclic 
1540 mu\ “coach* 

0A1A *e*r" 

1360 DATA *«vrop|an* M 
1570 data "hoi mopter w 
151*0 DATA “g|idL*r a 
1590 DATA ” b+i 1 1 oon H 
1600 DA I A "y«c lit " 

1610 DATA m whip- 



1900 

2000 

2C*I0 

2020 



DATA 

DATA 



1620 DATA "^ubaaf I fi&“ 

1630 DATA “hovercraft " 

I&90 R€H*rk 

Nt Kir ^ I nuHlL^dge D.mi? 
DATA 1 OOO v 20 1 0 f 2050 
1010, 3000*2020 
1020,2030,2040 
1030,3010,3020 
1040, 3030, 30*0 
2050 l)OI A 1050,2060,2090 
1030,2070,2080 
1070,3050,3060 
1070,3070,3090 
1060,2100,2110 
1060,3090,3100 
1090,31 10,3120 
2900 WF-rtiirl! 

2990 R&terk On '. hit*, 

DATA ISIO, 0,0 

1520.0. 0 

1530.0. 0 

1540.0. 0 

1350.0. 0 



2030 DATA 
2' >40 DATA 



2060 DATA 
2070 DATA 
2<i0O DATA 
2090 DATA 
2100 DATA 
21 10 DATA 



30O0 
3010 DATA 



3020 
303O 
3' >40 



DATA 
DATA 
DATA 

3050 DATA 1560 , 0,0 

3060 DATA 1570,0,0 

3070 DATA 1590,0,0 

3O90 DATA 1590,0,0 

3090 DATA 1600,0,0 

3100 DATA 1610,0,0 

3110 DATA 1620,0,0 

3120 DATA {630,0,0 

5000 REMarfc Provide the .in-. „i-f 

HOIO PRINT 

5020 RESTORE *t READ rf 
5030 PRINT ■‘TOO *fi»«er *4 4“j 

5040 IF •4 41 )-“*“ OR Mill-"*" OR •I(U=*T OR 

*•4 CU-“o- OR •MIT «“u“ THEN PRINT "n “» j GO TO 5060 

5O&0 PRINT " *| 

5060 PRINT 

5070 PRINTt PRINT “Any w#’ ly/n) "t 
5000 1NPU1 t% 

3090 ir !»=■* 1 HEN GO TO 5000 

5100 IF OR TICN RIJN 

51 in it ?tin-' , n“ or ir then stop 

5120 GO TO 3070 

5130 Hl H,,rt 

5 1 4o Ktn,tr > Print ton tlrinq 

5150 RESTORE dl READ i>( 

3160 LET l*0t LET U>LEN(*0; LEI Ll-O 
3170 LET »**-* 

5 1 BO It. T i = i ill 11 OLE THEN GO U) 3210 
5190 If •Mil " " THEN GO TO 5210 
5200 LET kRilRld)] Gil TO 5190 
3210 IF i )Li THEN LET 

5220 IF LMLEN Cm* I > 3 I THIN PRINT: LET Ll-O 
3230 PRINT kin l.El L I • E ( H I N It. 4) 

3240 IF 1.1<3I THEN PRINT “ “j i LET Ll-Ll+I 
ti?5» tl l <LE miN GO TO 3170 
3260 W Turn 



Hflwt 2: Dtclttbn Trefl tor Ihu front port wrlal dtetiton msklrig oxomplo 




tor UL users, me commands in 
italics in lines 280 and 290 are 
optional. 

The DATA statement in line 800 
provides Ihe lltle and purpose of 
our estperl system Once this Is 
pnnled (line 130) and general 
instructions appear on the 
screen (lines 160 to 190), Ihe 
main question and answer loop 
Is entered. The questions, 
answers, and knowledge base* 
all appear In DATA tines, and 
RESTORE Is used extensively to 
retrieve the appropriate piece ot 
mtormation- 

On the first circuit of Ihe main 
loop, the variable x is set to 
2000, which is the DATA line tor 
the first question From this DATA 
line, three numeric variables are 
READ, a.bi ond c. 'a* is the line 
number of the question 
(character string) ro be asked, b‘ 
Is the appropriate DATA line In 
the knowledge base if the 
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Figure J: Alternative knowledge bate tor So Hal Dementi ration Program 



111 lit DATA ‘-nxlfll flNIl Ol’VF NtUCUl ftff BONClt" 


1 440 


on t A 




810 REH+I rk 








1090 


HI Ma,ir 1. 


VOO ROIar* 








1 900 


r 1 Know 1 Pd 1)1 - OiW f 


IOOO 


DATA Mii this banp 


an 


thn 




2000 


OA1A 


1000,2010^2040 


1010 


DATA m tn ihi* harm 


a n 


ihn 


Atm* 


2010 


DATA 


1010,7070,2040 


1 020 


DATA "I* ttU$ bam* 


an 


thp 


uf Fpi'f dr«* 


2020 


DATA 


1020* 3000* 2030 


>030 


DATA "Thpri! art? t w 


btjfirn 


in 1 hi* 1 ciMt'iF *ir m ; in 


2030 


OArft 


W30* 501,0, 5020 


M thp nni* thn body 


Ml th la-ilf*".* fur Whir ti" 


2040 


DATA 


1040*2050*3054 


1P40 


DATA m l% ttlll barn? 


a n 


thu 


f 1 nq#f t*'* 


2050 


tlATA 


1050, 3030 f 3040 


1050 


DATA p ]% thll bam- 


•at 


thi- 


OfYtl ol Ihtf 1 i n<|i«r 


yiiso 


DATA 


1060,7070,21 IO 


1040 


DATA "I** this born? 


i n 


the 




2070 


DATA 


1070,2060,2090 


1070 


DATA "J*** Ihi*. bonr* 


in 


ttw 


tint 44 


2000 


DATA 


1 OUC* *3040* 30/0 


tOfK> 


DATA IbiS bcvtl* 


in 


thi' 


•ini 1 i* w 


2fT90 


UfttA 


1 OVO , 10HO , 2 1 uo 


1090 


DATA < hi ■* botw 


in 


t ht 1 




2100 


rmio 


a im>, io9o fl moo 


1 LOO 


DA l f+ “ 1 Apr I- .IF 1' t M 


hDFHSS 


a f i i hp l owi'f 1 1 *11 1 i n 


2110 


DAI A 


1 1 1 0 1 21 20, 3 1 1 0 


it tin* auturiMHfat one“ 








2120 


DAI A 


i 120,3120*31 :-0 


mo 


IWVTrt this bam* 


in 


t he 


fihi m>l di*r S* 


2900 


REltark 


*120 


DATA ** 1% this bom* 


.it 1-ftC.hi-rf lu 1 hlr hUTDUS* 


2990 


Rf rW k 


I!iOO 


HCI"Mr i Hir.Hrr E 








3000 


DATA 


1910,0,0 


1310 


DAI A 








3010 


DATA 


1930,0,0 


>320 


DATA "uln.i” 








3020 


DATA 


1930,0,0 


*330 


DATA "PAdtU^" 








3030 


DATA 


1940,0,0 


>3*0 


DATA M pb*i ] «ngn - 








3040 


DATA 


1590,0,0 


*330 


DATA "iwM pm f*” 








3050 


DATA 


i960 ,0,0 


1340 


DAT A "t i pt 1 % <HT i S " 






3040 


DAT ft 


>570*0*0 


1370 


DATA *tjr«els M 








3070 


DATA 


1530,0,0 


1300 


Data »it *ir ’*i'i s h 








3080 


DATA 


1590*0*0 


13-70 


DATA •“ 1 t*«vur - 








3090 


DATA 


1600,0,0 


1600 


Dftfft "fibuid" 








3100 


DATA 


> 410*0*0 


1 4 IO 


DAI A h tlbm p 








3110 


DATA 


1440*0*0 


1420 


DATA 








3120 


DATA 


1620*0*0 


1630 


DATA | nvKir 








3130 


DATA 


1630,0*0 



answer is yes* and b' is the DATA 
line number should the response 
be na If the variable b’ READs 
the value zero, this Indicates lhat 
an answer has to be found, and 
the loop Is terminated The sub- 
routine at 5040 ensures that the 
question is neally printed on the 
screen, while lines 5000 to 5120 
print Ihe answer, and ask you it 
you want to run through another 
sei of questions 

Ambiguity 

Like most ‘experts', while I believe 
my questions to you (as placed 
In this computer program) are 
clear and unequivocal, you 
may well find ihem confusing 
This expert has no option for ihe 
user to soy ‘1 doni understand 
that, please re- phrase the 
question" (also Ihe case for mosi 
expert systems) Even the first 
question "Does it travel on 
land?" may provide uncertainty. 
A hovercrafi certainly can travel 
on land, but t, as Ihe transport 
expert', decided that hovercraft 
are used principally lor sea 
ironsporl, Iherelore would expect 
a "no' answer to the ‘land* 
question if the user were ihmking 
of the features of a hovercraft. 

But Hke this system or not. it is 
the way many human experts 
work Not only that, the program 
I have given you provides an 
expert system, 'shelf, to which 
other knowledge bases can be 
attached. Fig 3 contains on 
example this is an alternative 
knowledge base which allows 
you. using the same program, lo 
determine ihe name of one ol 
the body's axial or 
appendicular bones Lines 800 
to 3130 replace the transport 



knowledge base in Fig, 1 Here. I 
assume, there are less experis 
among our readers, and yOu 
should, as non experts gel some 
benefit on terminology on 
human bones I 

Once you feel you understand 
the logic ot this expert system 
Tsheir. there is no reason why you 
cannot build your own expert 
application the first step Is to 
draw up a decision Iree, as 
shown in Fig 2, Ihen translale 
thof to the data required for the 
knowledge base. 

The more cautious among us 
would say that this approach to 
making decisions Is for ihe loot- 
hardy; If is o little rash to 
eliminate o whole range ol 
possibilities on the outcome of 
lust one question, which might 
be misunderstood II mighl be 
more sensible to ask a full set of 
questions, then judge all the 
Information at one lime. This is 
the parallel approach to 
decision making, and Ihis 
approach Is the basis tor 
decisions mode by the program 
listed in Fig 4, 

There are several passages in 
the program in Fig. 4 which are 
identical to lhat In Fig. 1. so start 
with the serial decision-making 
program in your computer, and 
delete or overwrite lines 220 to 
600, and the knowledge base 
2000 to 2120 There is slight 
modification required to Ihe 
questions (lines 1000 to 1090) and 
to line 5020 The commands in 
iloiics in lines 300 and 310 ore, 
again, optional on the OL, and 
the siring joining operator in 
these lines should be replaced 
by '+' If you are using a 
Spectrum. 

DATA line 800 now contains 



not only the litle of our experl 
system, but two numbers, the 
number ot questions and 
answers in our system. These rwo 
numbers set up a Siring array 
(sS) in line 240. This array 
contains zeros and ones, 
corresponding lo expected no 
and yes responses to each 
question tor all 13 modes of 
transport in our knowledge base. 

Ait 10 questions are asked; in 
response lo Ihe user's reply, a 
variable (r$) is filled with zeros 
and ones (tines 300 and 310), to 
gel a siring ihe same lengih as 
Ihe strings in the knowledge 
base, once all questions ore 
answered, This reply string is 
ihen compared with Ihe strings 
in the knowledge base. 

Perfect Match 

The firsl check [lines 330 to 380) 
is to determine whether a 
perfeci march con be found, te. 
a string of yes and no's matches 
exactly the expert's opinion of 
the expected string ol yes and 
no's lo each of the 13 outcomes, 
if a match is found, then the 
expert's answer Is given. 

If no match is lound. Ihe 
computer first tells you this, fhe< 
goes ihrough a routine (lines 420 
lo 500) to determine which set ol 
expected yesfno replies in its 
knowledge base most closely 
matches the replies given by the 
user. To do this. If goes through 
each possible outcome, 
checking ihe expected 
response, with Ihe one given, 
and awards a score, depending 
on the match. So, 1 is odded to 
the score if a yes' answer was 
given, when one is appropriate 
for lhal particular item and 
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question (line 450). and 1 is 
subtracted for a yes' reply when 
'no' was expected. In this way 
the item with the maximum 
’score' is identified (line 480]. 

Logic might suggest that you 
should also award a point for 
two no's which match, and 
subtract one from the score 
when no is given to a question 
in which yes is expected from a 
certain outcome Well, ihe 
scoring system used does work 
remarkedly well, without these 
logical' additions. In fact, as 
there ore far less Ves’ answers 
lhan no’ in every siring in the 
knowledge base, matching ’yes’ 
answers are more valid Ihon 
matching “no's'' 

Another argument against this 
scoring system is that, for any 
outcome, certain questions are 
more important Ihon others in 
differentiating Hems, so ihe 
amount added (or subtracted) 
should be weighted to reflect 



this, Thai argument would lead 
us Into the realms ot probability, 
which Is something I shall save 
for later in the series! 

One ihing you'll note about 
parallel decision making is lhat 
a lot more questions will be 
asked, sometimes quite irrelevent 
when, in hindsight, you know the 
result. In the parallel decision 
program, you'll always be asked 
10 questions, whereos, the serial 
decision program which solves 
the same problem asks between 
two and five questions before 
giving its result. 

No doubt, a better transport 
expert' than myself could hove 
selected a better, and smaller, 
set of questions to enable the 13 
items to be differentiated in the 
parallel program. But as a 
general rule, parallel systems will 
always ask more questions than 
serial systems. But even if the 
data mulch Isn't perfect, the 
parallel system is more likely lo 



give you the righl answer; one 
incorrect response with the serial 
system, and the expert’s reply is 
ceriain not to be the one you 
want. 

These are expert system 
decision making processes in 
Iheir simplest form. Many expert 
systems allow more than yesfno 
answers; decision making can 
be mixlures of serial and 
parallel, depending on the 
problem. And these examples 
assume no uncertainty in your 
reply (or in the knowledge base). 

These expert systems are also 
rolher limiied in their 
knowledge; there are many 
more than 13 different modes of 
transport. This expert' will have 
to learn a fat more about 
transport before if really can 
begin to describe itself as an 
experl And how expert systems 
learn is the subjecl ot the next 
part in this series. 



Nguro 4: CiL/Spvclruih Listing tor Parallel Decision Oomonsl ration 



10* REPItirk Bllhf] Lc Export SyytvMn 
20 PEHrirk IfcJnq fhVilUp] tfKiftitPfft-Mfeing 
JO HF.Mtktk 

40 FtLff.ir V DJVid HiMruthH 
50 REM*r k J.Hm iry, 1907 
60 PEM-irk 

100 HEfterl [hfh.ihM I* Title* 

IIO LEI k^ock> 

120 RESTORE t IfEAD ti 
1JQ CLEl PRINT t % 

1*0 PRINT? PR IN I 

150 Pftlm N 1 Mill 4*k you a iorits oi" 
i&O PRINT gentian*. Anfilwr With y H 
Vto PRINT ”4ar yK or n tor no for" 

100 PRINT ^n+irh Dnr until l proyitff” 

I VO PfHlNl "yiJhi Hi Lh till- MlJutlEVl. 4 * 

200 PR INI j PRINT 
210 REMarV 

220 RTMurk Ini tial I ** 

250 Nf ftf) .tri'.iH , 

i'Tti Din ti * ( urifiM » queia t J 
250 HfTillJM. 20O« 

7M rnii I I TO #n*wi READ -I*t I is Ni a I j 
77U LEt t I * ■ " , RESTORE 1000 
200 FOR j«l TO qu»4t 
205 GO SUD 314H 

390 IldtlT : t ? ITT th-Oi M /* I HI N GO III 290 
500 IF ** <|l "y" lyti rf C 1 1 - "V* Nil N LEI r Mr *6"l"l 
M I CMli PRINT N y*tv“ 

510 I + r * C I 1 -"n" UN THEN LI 1 

fc f T Cfc" I : P&1NT “ m- 
SI5 IF th Q HU N GO TO 290 
120 MHT 1 

ISO lrfn.if 1 . K-r 1 t*t t flrflnh^ 

140 DIM ifUnhH I 

I OFT j a I TO 4nw 

TftO I T1 Rl 11*0 

I/O 1 1 fl stfjl TI If fl LI T Mrq ji IpH TO 5000 

Itt* nekt j 

*90 MtjNf? PR | NT J1 j rJiil nat # ind *i p«rtrcl Mlrh' 
400 PNEN.I th ny rl.il - a; I .im bttArt.hHiq" 

410 MR JNI -Ifir the ho*t I it/ 

420 LEI 4i> K iH Hi If I 1 nrq f <> 

*30 FOR » I Hi tin* w 
4 40 FOR i- I TO i+Hrmt 
IdO If rOji “ 1 " ANP * I " THEN R (i > ">i|C I 1 * I 

140 M rHjl *1“ AND ti* U < THEN qUl-qCll I 

W O NI H f j 

400 IF qtlJJmd* THEN LEI »*»**< A f i LET larq-i 
490 NEXT 1 

30G IF IHE N PRINI J 'Nn Mtch found 1 *1 00 TO 

50/0 

510 GO lO MOO 

«oq PAT A “SE TERMINI TIC 1TH OF TRANSPORT" , I 3 V 10 
1110 REfUrli 

VOO Irt Mrif I Dui I wife 

1000 DATA H lkn**i il 1 1 *viH cm land" 

101 o |1A|A "Ow** It 1 r .iv iH nn r.ula* 

1020 Data "Uow* U h*v W 1 ho irfiwLi n 

1030 DATA “Itt it p ptli ffftl (ay .IM 

1040 DATA Jl I : .in H C*rry »nr «* th-m ft p^t»m»ngiTr 

lO-iti DATA "Ihicip. |t tr.iv4>| myru thOO 20 fwt A tiOVU 
the our f *ce“ 

1060 DATA "II it tr btvelh nn w»it**r , dm"* it only 



float on ttu* mr f Ace" 

1070 DATA “Does it have imnd wmiji" 

ioeo oat A -t* it wind power 

1090 data "Gan it travel bifltN tht m Hice of 

Hrit er " 

ISOO ftE.FW L AntkMtrtt 

1510 DATA “trail 

1520 DATA N *fltflr Infer" 

1530 u A In H blcycUt“ 

1540 l>A I A “coach" 

1550 PAT A "car" 

1 PA I A "A4TWfi *n# N 
1570 PA I A "Mhl lt " 

1500 DATA “ql ider “ 

1390 DATA I«lOA" 

1*00 DATA -yacht ‘ 

1AI0 HAT A ’"‘.hip- 
1620 DATA M ll*urino w 
1630 DATA "hw«rcr*fr 
1090 RfMark 

$900 RLHirk Krtowliulqip Dace 
2000 PA I A -llOllOOoOO" 

2010 DA I A “ 101 I 044400 H 
2020 DATA “ I010000000" 

2030 DATA " lOOl IOOOCXI" 

2040 DATA “ f OOIOOOOOO" 

2050 DATA "0001110100" 

2060 DATA "000|||0000" 

70/0 DATA "OOIOOOQI |0" 

2000 DA I A “OOOO0 1 CHi I 0“ 

7090 DATA “OOOOIOIOIO" 

7100 DATA "0001 101000" 

2110 pair -ouonoiooi* 

2120 DATA lOOllOOOOO* 

290O RFMarl 

3000 he flair fe Providi* tHm 4kn*wr 
WIO i'RlNl 

5020 RES TORE H«r^HOH£tOO) I REAP »l 
3050 PRlNf "Thr «n«fvw i« a"t 

5040 tf i-IIIHM" fJfi DH pM!H u r Oil 

»tllL^V OR Bimtv THEN PRINT "n "| i SO TO 9000 
3050 PRINT " "t 
SMO PRINT .t* 

50/0 (PRINT i PRINT "Any *dt^ (y/fll " i 
50410 INPUT H 

5090 If INCH GO TO SOSO 

5100 IF itUI*V OR If THEN RUN 

5110 IF lHP“V Dfl jHIH-H" THIN STOP 

5120 €W 1 G 5070 

5 1 30 REHnrk 

3j*0 ALHrt-r fe f-riftt ntn nq 

5150 REAP hi 

5160 LEI 1 ™01 ( FT LE«CEN<PBU LEI Ll«0 
51/0 LET k***" 

SlMO I f I 1-1*1 I If tU t 1»iEN GO TO 3210 
3190 IF nttil*" " THEN IU 52lO 
37i>i> LEI I - ^ Hu- Hi If <50 TU 3100 
3710 IF OLE THEN LET ****^“9“ 

3220 If LI*LEN <-* I >3$ HtfN PRINTi LEf L I -0 

3250 IN I N I -ti? I.ET LE-L1*LEN 

57*0 IF Lit 31 1 1ll N PfllNT “ “|i LEI Ll-Ll+I 

5230 (F i CLE THEN GO TO 51 70 

3260 ill: I urn 
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PRINTER GRAPHICS 



Alan Davis explores the 
possibilities for printing 
graphics. 



Mna recent issue of ZXC. I 
wrote o short piece about the 
Kempslon "E" interface and 
Amsfrod DMP 2000 printer 
specifically to point out how 
painless Id found it to sel up 
and use this combination. Of 
course that isn’t the end ot ihe 
lale. because obviously you can 
do a great deal more with such 
a system lhat merely LPRINT. LUST, 
and COPV Whof I’d like to do in 
Ihis article is lo explore some of 
the graphics possibilities of the 
system, and since ihe Amstrad is 
Epson compatible, the routines 
should work perfeclly well with 
any Epson-type printer which Is 
capable ot smalt {1/216") line 
feeds. 

Regular readers may be 
surprised to discover lhat Ihe 
origin of what follows has 
nothing to do wllh adventure 
gomes at all {Gasp! Shock!), but 
ihe fact is that I also use the 
Spectrum for serious scientific 
work — and one ot my 
requirements for this is fo be 
able to get hard copy ot graphs 
ot fairly complex mathematical 
1unc1ion& Now if Ihe graph you 
want to plot is lairly simple. 

Ihe re’s no problem You can jusl 
wrile a program fo draw il on 
screen, and then COPY the 
result But the screen resolution 
of 266x176 pixels Is loo coarse for 
the applications I have in mind, 
and so some way of getting 
higher resolution had to be 
found. 

The approach I adopted was 
lairly obvious: instead of drawing 
the "y** axis of the graph 
vertically on the screen, J turned 
it through 90 degrees and drew 
it horuonially, so lhat the V' axis 
becomes vertical (with x 
increasing downwards). The 
graph is then plotted eight 
points at a time (le eight 
successive sc values) to line 21 on 
the screen, the whole screen 
being scrolled upwords by one 
line between Ihe plotting of one 
batch ol eight points and the 
next In this way you can get 
any resolution you like along the 
x-axis, it necessary plotting and 
scrolling many screenfuls of 
graphics before the whole 
process is finished Nalurally 
though, you'll never see the 
entire graph on screen at once, 
because Ihe early pads will 
have scrolled off ihe lop of the 
screen by the time the thing has 
finished. 

What we need fhen, is a 
method of transferring Just a 
single line of graphics data (line 
21 m this case) from the screen 
to the prinler so that we can 
dump it out continuously in 




between point plotting and 
screen scrolling. But sadly, thera’s 
no single printer command for 
doing this. The Kempslon 
interface will give you a full 
screen copy, but not just one 
tine, and so a bil of 
programming Is necessary to 
achieve this 

Bit images 

The key to ihe problem ties in 
the ’Bil Image Mode' 1 printer 
commands There’s o fair choice 
of these on the Amsliad 
machine, and in the end I 
settled tor "double density" 
mode. This gives a prlnled dot 



spacing which is half lhat 
obtained with "single density" 
mode — and therefore a printed 
image ot higher quality and 
crispness. The relevant 
command Is ESC l + nl + n2. 
Translated into English this 
means lhat we need to send to 
the printer Ihe codes CHR$ 27 
{ESC), followed by CHRS 76 {Tl 
followed by two mysterious 
codes nl and n2. These last two 
codes tetl the printer how many 
bytes of graphic data are to 
IqIIqw, and together they form o 
two-byte number where nl 
represents ihe low byte, and n2 
Ihe high. So if you want to print, 
soy. 256 byles ol dota in 







• 


Listing 1 


raas ) 


errors: 00 








10 *D* 






20 








30 


I Rout me for 


copying screen line 21 to printer 




40 


; Any given jj 1 ** l hj,a *ta screen coordinates x j nd y 




50 


; hr Id fir ihe 


C and fi registers respectively 




60 






6536 B 


70 


OK 


65366 ; Start of UDG area 


£5363 


60 


LD 


A, 3 


65370 


00 


CALL 


x 160 1 iSelect thr* priniur for output 


65373 


100 


JCOB 


A 


65374 


l 10 


Lt> 


D.A ;C 1 ear D noisier 


65375 


120 


LD 


C , A iClt-ar C register lit coord -0) 


65376 


L30 


LOQPl U> 


B.G ; Initialise B register <y coord =®i 


65370 


140 


LOOP 2 DEC 


P- sNcSct p k xp l ton down 


65379 


150 


PUSH 


BC 


65380 


160 


PUSH 


&E ;Seve registers 


6530 I 


L70 


CALL 


POINT : Suae as POINT tc.bJ 


65304 


1B0 


CALL 


FP A t^suh off stack ifito A register 


65307 


190 


POP 


DE 


65300 


zee 


POP 


BC ;!i?c over registers 


65369 


zie 


CP 


1 ;ls this pixv 1 (e«b) set? 


05391 


22* 


CALL 


Z. 32TB IT iff so. then sot bit 7 of D 


65394 


230 


RLC 


D llotttl D register by one bit 


65390 


240 


INC 


B 


65397 


250 


D JKZ 


L0DP2 iUai pixel? t f not. do Another 




26# 








270 


:At ibis point uc havf a byte ready to print in D 


65399 


260 


LD 


A, D 


65400 


290 


RST 


IG 1 S 0 print ft once... 


654GI 


300 


LD 


A, D 


65402 


310 


R5T 


16 1 . - , and once again 


£5403 


320 


LD 


D,0 iClear D rt?g* ready for neat scan 


65405 


330 


INC 


C ;Next pixel coluen to the rteht 


65406 


340 


LD 


A,C 


65407 


350 


CP 


0 ;Ar* ur off the right frdge of screen* 


05463 


360 


JP 


NZeLOOPl L J f not. back for another byir 


6541 1 


370 


RET 


; Bac k lo BASIC 




300 






65412 


3 m 


SETBIT SET 


7,D ;Sei bit 7 of D register 


65414 


400 


RET 




9910 


4 10 


POINT EOU 


S22CE : i mn > 


1 1733 


420 


FP A EQXS 


*2D1>5 s » RUN J 


Pass 2 


errors ^ a® 




Tabl* 


used : 


73 frcis 


249 
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Listing 2 



X RH H 1M CONTIGUOUS GRAPH PRINTING ROUT IHTF, 

2 REN 

3 DEF FN Mxl-'|*e»S! H <x/6l*SIN ix/60>*EXP i-K^00> 

4 DO SUB 1000 
T JfEM 

5 REN m Kanpatofi * TdkpfiS off 

9 PEG 

10 COPY l PEN CHRi 0 

20 LPRINT CKR* 275-A-&CHM 0;t REN * Diirtbi* smo 1 i n* feed 

27 REM 

26 REN tttLiBM 3® - 160 dr*u tbo function 
23 (ftll 

3fl LET oy E 127= PLOT 0.7: DfcAtf 2^5.0: REN * Dr*y VJixtJ 
40 FOR 1^0 TO wa STEF 0: REN * 600 vaLuea of x 
50 EOF | 0 TO 7: REN * x valuta in bunches of B 
B0 LET y- 127* | NT 1.5+FH ffi+jlli REH * coordinate 

S3 PLOT 127*7-. | i PLOT y,7-j : PpH ( Extend an is i Plot next fioinl 
100 LET L*n oy-y; IF AB5 UnM THEN DRAM Lend AND 
AND len<0i h 0: REN i Join tfce dots 
1 10 LET oy = y: REH I Store Current value of y 

120 IF IKT It l + 1 ) / 1 0 > 3 C i + j, 1 / 10 THEN PLOT 126 , 7 - jJ DKAW 2 . 0 i IF 
INI itifj 1/WlBtMj rs** THEM PLOT 123. 7- js DRAM 0,0: REH * Se* 
li 

130 NIST 1 

Hi 00 SUN 200 i REN * Line finished - print it out 

150 RANDOMIZE USE 3532= REN • Scroll screen up one line 

ISO NEXT i 

170 STOP 

107 REN 

138 REN Ut Print Out Screen line 2 I 
IS9 REN 

200 FOR h-0 TO 2= REN i 3 pusses of pnntHeud 

205 LPRINT CHR0 27: »L»iCIHl* 0:CHK* 2;: REN • Bit nege Node 

210 RANDOM I ZE USR B53B0 : HEM * Pnftt the line 

215 LPRENT CNR i 13;CBR* 27 ; * J * ;CKK* U REH > Sa-i I I line feed 

220 GEkT h 

230 LPR1NT CHE t 13 : CHE* £7i*J-|CJIR* 2*:i REM » but line feed 
240 RETURN 

500 DATA 62,3,205,1,22.175,07,79,6,8 
510 DATA 5* 197, 2 1 3. 205. 206, 34, 205,2 13. 45*209 
520 DATA 193.254* 1*204, 132.255.203-2.4, 16 
530 DATA 235, 122, 215, 122, 2 15, 22,0, 12, 121 .254 
540 DATA 0.32*221.201,203.250,201 
397 REH 

998 RFN **i Poke aichine cede 

BBS REN 

1000 RESTORE 500i FOR 1-65368 TO 65414' READ *: POKE I,** NEXT i 

1010 eetusn 



grophics mode, then ni would 
need to take ihe value 2, and n2 
and value 1 — because 
12+1x256) = 258. Yes? Right! 

Now, to copy a single line of 
ihe screen (eighl pixels high and 
256 pixels wide), we need to 
send 256 byles of data lo the 
printer — bui since well be 
printing In double density mode 
this would produce a final 
image at only half size, which is 
not so good (doi spacing is 
halved in this mode, remember). 

Fipuro 1. Hlrot graph planing 



So. to get a full-size printed 
image, then, all we need io do 
is to send each byte twice — 
and so we need io fell the 
printer to expect not 256 bytes, 
but 512, to be printed in 
graphics mode. So the 
appropriate escape sequence 
for Our purpose becomes: 

CHR$ 27; "L"; CHR$ 0; CHR$ 2; 

The next job is to scan 
horizontally through line 21 on 



the screen one pixel at a lime, 
forming a single byte o( data 
from each vertical column of 
eight pixels and then shoving if 
oul to the printer. You can do it 
in BASIC - bui frankly, life's ioo 
short! Assuming you'd Jike to see 
your hard copy this century 
rather than next we'd better do 
it in machine code, and I've 
given In Listing 1 an assembler 
program which will solve our 
problem I ve annotated the 
listing in some detail so thai you 
should be able to follow it 
through withoui too much 
difficulty (As written, the code is 
organised ai the start of the 
user-defined graphics area 
65368) 

Strictly speaking, ail we need 
to add to this is a short BASIC 
subroutine which puts ihe printer 
into the correct bit image mode, 
calls the machine code to 
transfer the 512 bytes of screen 
line data, and then tells the 
printer to do a carriage return 
and a line feed of 8 72" 
(equivalent to eight vertical dot 
spacings) at the end, thus: 

1] LPRINT CHR$ 27; "1*; CHR$ 0; 
CHR$ 2 ; (See above) 

2] RANDOMISE USR 65368 
(Send the data) 

3] LPRINT CHR$ 13; CHR$ 27; 

"A"; CHRS 8; (CR then 8/72" LF) 

We could ihen calf ihis 
subrouline alter every eight 
plotted points, and awoy we go. 
Well, yes — bui we can actuolly 
do very much belter. You see, 
fhe final printed result trom Ihis 
sequence would turn out to be 
o roiher "spidery" allair because 
were using only single density 
doi printing in Ihe V direction 
Fortunately it's a simple matter to 
sort this out. All we have to do is 
to send the same data Irom the 
screen line to fhe printer three 
times in succession with a very 
small line feed of 1/216" (1*3 
vertical dot spacing] after each 
transmission. At the end ol this, 
we send a line feed of 21 216" 
(making a lotal of 24/216", or 
8i72") to get the primer ready tor 
Ihe next line of data What we 
achieve by this Is etlecliveiy 
Inple dot density in the x 
direction. 

Graphs 

Listing 2 gives an example 
application ol fhls process, the 
important pari being the 
subroutine at line 200 which 
employs all the little tricks we've 
just been discussing. The 
program as a whale will 
produce a graph of the function 
delmed in Jine 3 (which is of no 
importance except as an 
illustration), and Figure 1 shows 
the final primed result. 
Incidentally, the machine code 
is so short that it s hardly 
worthwhile loading it in 
separately — in fact line 1000 
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Listing 3 



Pass I error as 00 

10 *D+ 

20 »C- 

30 iRoutitie for priming a werticsl strip of screen 9 
I® i pixel a ulde, starting at the pixel whose * -coord 
50 its held in address KCOUNT 
60 



65366 


70 




DEG 


0536B iStart of UBG area 


65360 


6® 




LB 


A . 3 


6537® 


90 




CALL 


® 16® 1 iSoJflct printer 


65373 


10® 




XOE 


A 


65374 


1 1® 




LD 


®« A 


65375 


12® 




LD 


D.A '.Zero the B and D regiaters 


65376 


130 


LOOP! 


LD 


A* (KCOUNT i 


65373 


14® 




T-P 


C.A iStariing posit loo in C resistor 


6530® 


150 


LOOP 2 


PUSH 


BC 


65361 


16® 




PUSH 


DE iSavet registers 


65363 


17® 




CALL 


POINT * Equivalent to POINT <c/bi 


05335 


10® 




CALL 


FP A ; Result off stuck into A resistor 


65366 


19® 




FQF 


DE 


65309 


20® 




POP 


BC ; Recover registers 


©536® 


21® 




CF 


l jls this screen pixel aet? 


65392 


22« 




CALL 


Z.SETB1T 1 1 f no than sat bit 7 of D 


05305 


23® 




ELC 


D ^Rotate D register by one bit 


65397 


24® 




INC 


Ci Hove to next pixel on the right 


S5390 


25® 




LD 


A, (KCOUNT s 


654® 1 


26® 




ABB 


A.6 


65463 


27® 




CF 


C : Have ue done 8 pixel® yet*? 


65404 


26® 




JP 


NZ, LOOP 2 ;tf not then process this one 




29® 

30® 




now holds a byte ready to print 


65407 


31® 




LB 


A. D 


654®0 


32® 




EST 


16 ; So print it once. * * 


65409 


33® 




LD 


A , D 


6541® 


34® 




EST 


16 l * . . and once again 


654 1 1 


35® 




LB 


D i 0 ;Clear D register 


65413 


360 




tnc 


B :Howe up the screen by one pixel 


654 3 4 


37® 




LD 


A. B 


65415 


38® 




cr 


176 lAre tie past the? top of the screen? 


054 17 


39® 




jp 


NZ. LOOP 1 llf not then get another byte 


6542® 


40® 




EET 


I Back to BASIC 


65421 


41® 

42® 


SETB IT 


SET 


7,B ;Set bit 7 Of D register 


65423 

65424 


43® 

440 


XCOUNT 


EET 

DEFB 


® ix coord of left edge of strip 


09 3 0 


45® 


POINT 


EOU 


H22CE ; C KOH 3 


U733 


460 


FF^A 


EOtl 


®2DB5 ; £ EON 1 



Faaa 2 errors: 00 



Table used: 06 fro* 2S6 



just pokes if in from BASIC when 
ihe program runs. Just o couple 
ol further points about the listing: 
(a] You need to insfrucl your 
interface to turn off the tokens 
before proceeding, and line 10 



does this tor the Kempslon “£" 
interface, fb) Lipe 20 is needed 
only "I your printer is normally 
set to give automatic line feeds 
with a carnage return. 

You may wonder why I've left 



Figgro 2. Variable donilty tcroon copy 





so much of Ihe printer handling 
to BASIC, and there are iwo 
reasons for this. First, given the 
machine code rouline 1o transfer 
ihe data, it’s the actual physical 
process of printing which lakes 
Ihe bulk ol the time, so thol 
there's very little to be gained by 
writing the remaining bits in 
machine code. Second, wlih the 
subroutine as II stands you can 
fiddle about wlih It easily, You 
might, tor example, decide to go 
for only two passes of Ihe print- 
head rather than three. In order 
to speed up the prlnling — and 
it you do you'll need to change 
the counter In line 200 (FOR h - 
0 TO 1), and to change the line 
feed In line 230 to 221216'', 

Stripper 

So much, then, for high 
resolution graph plotting. Is there 
any other use lor Ihis idea of 
printing strips of screen In 
double density dots'? There 
certainly is How would you like 
a variable density screen copy 
routine so lhat you can 
compensate for the wear on 
your printer ribbon? You would? 
Then read on! 

The Kempston "E" Interface 
allows you to get two kinds of 
screen copy — an enlarged one 
which is fine for most purposes, 
and one of “normal" size which 
Is OK but could be belter. This 
latter is a single density screen 
dump (which looks rather ghostly 
when your ribbon is worn) with a 
quite badly distorted aspecl 
ratio to boot. If we take 
command ol the printer 
ourselves, and scan the screen 
In strips (treating each strip 
much as we did in the graph 
plotting example), we can 
improve matters considerably 

There's some advantage to be 
gained by scanning the screen 
in vertical slrips rather than 
horizontal ones in order io get a 
more acceptable aspect ratio, 
and os before, It’s only 
necessory to handle the fransler 
of data from screen to printer in 
machine code. Listing 3 gives 
the assembler program we 
need. Though similor to Listing 1. 
It differs m some important ways 
namely (a) It transfers data from 
a vertical strip eight pixels wide 
and 176 pixels high; ond (b) We 
need to tell it which strip to 
transfer by poking a suitable x 
co ordinate into 65424 (XCOUN7) 
Again, the code ilsell is $0 short 
lhal it's readily POKEd in from 
wlih In a BASIC program, and I 've 
incorporated it in this way into 
Listing 4. 

Listing 4 is a self-contained 
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screen copy rouline which gives 
you the choice of three printing 
densities (effectively you’re 
choosing the number ot print- 
head posses between the line 
leeds). Just lype it in and save to 
outo-run from line 1. In use the 
program assumes that the 
screen you wish to copy is to be 
loaded Irom microdrive, but if 
you’re working wilh tape Just 
change line 60 accordingly 
Whichever density you choose, 
you'll get a result of higher 
quality than the normal 
KempsTon screen copy would 
give — and maximum density 
will give excellent results with 
even the most battered and 
weary of printer ribbons. Figure 2 
demonstrates the range ol 
densities available and, even 
with the unavoidable distortions 
of reproduction, may give you 
some Idea of the possibilities. 

In this article I've only 
scratched the surtoce of what 
can be achieved, but I hope It's 
enough to give you some ideas 
- and in any cose l find the 
routines I've given here pretty 
useful, myself With only a few 
modifications, you should be 
able 1o produce 'enlarged’’ 
versions using quadruple density 
mode, II you require them. And If 
nothing else, the maximum 
density copy routine might help 
you to squeeze just a little bit 
more out of your tired and worn- 
out printer ribbons. 
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Listing 4 



1 REM * ■ f KF.HPST0N E-/-DHP 2000 VARIABLE DENSITY SCREEN CORY 

2 REH 

3 REM 

10 CLS : PRINT AT 10. 5 i "SU ITCH ON THE PRINTERS CO SUB HW 

15 PRINT AT 21 ,3; "Press day k«?v to cont inue": PAUSE 0 
17 REM 

16 REH »t* KfHpaifjn * E " msifuciton to smtch off tokens 
IS REH 

70 COPY : REH CHR* 8 

30 LPRINT CM 27i"A":CHR* 0;: REM » Disable iutD-hnc feed 
40 CLS ; INPUT N.ise of screen to be loaded 0 * * LINE z* 

50 IF *»s" THEN GO TO 40 
60 LOAD * i I :z*SCREENi 

70 PR t NT Mi AT 0.0; "SELECT DENSITY 122/3 (3 sjx itm ) " ‘ - PRESS 4 
to Load another screen 

80 PAUSE 0: LET t *=]NKEY»: IF OR THEN GO TO 00 

05 BEEP . 1.30 

90 TF i*r 4" THEN GO TO 40 

95 FRINT » 1 ; AT 0,0..., AT l.Ui FLASH 1 ; - P*1 NT 1 KG' 

100 LET density-! 1 AND i* ‘2 ")*< 2 AND i* = - , 3'“) 

110 FOR i=0 TO 2S5 STEP 8= FOR j 0 TO density 

128 POKE 65424,1: REH * position of left he ltd side of strip 

130 LPRINT CHR* 27 1 L ;CKR* 96sCHfc* i;r N EM t Doubt-* density 

i40 randomize usr 65368: reh ■ print j smp 

ISO LPRINT CHRt 13: CHR* 27;"J'iCHR» l:= REH * Sail I line feed 
160 NEXT i 

170 LPRINT CHE* i3;CHR* 27; J-;CHK* 1 23 density);! SEN * Bin LF 
180 NEXT * 

190 GO TO 70 

997 REM 

998 REN »*• Mac hint* codr for printing verticil strip of screen 

999 REM 

1000 FOE i=G5368 TO 65424; READ X= POKE i.st: NEXT |! RETURN 

1010 DATA 62,3.205.1,22.175.71.87,58.144 

1011 DATA 255.79.197.713.205.206.34.205.213.45 
10)2 DATA 209. 193, 254, 1.204. 14 1 . 255 . 203 . 2, 12 

1013 DATA 58. 144.255. 198.8, 185, 194. 100,255. 122 

1014 DATA 215.122,215.22.0,4,120,254.176.194 

1015 DATA 96.255.201.203,250.201,0 



TROJAN 

CAD-MASTER 

THE ULTIMATE IN GRAPHICS TOOLS 






SUPERB GRAPHICS SOFTWAR 
PLUS 

A TOP QUALITY LIGHT PEN 



\JtAA * * 

TOTmV 



Discover the exciting world of creating your own 
graphics on screen. 

• FREEHAND DRAW - 5 pen thicknesses inc Quills 

• PAINT BRUSH * for the artistic touch 

• RLE ANY SHAPE - use 16 odours and 11 patterns 

• GEOMETRIC SHAPES - circles, boxes, triangle®, lines 
4 banding 

e DYNAMIC RUBBER BANDING on all geometric options 
e PIN-POINT FUNCTION - for pixel accuracy on ell luncttons 





Plus many more too numerous to mention in this ad AH ihese 
features in Die Program 7 a lop quality Ugh l Pen and an 
InstPjclion booklet in one reasonably priced package Easy io use 
for creating cotourtull pictures or lechnleal drawings Ideal tor use 
by all ages of micro users Full back-up service from 
manufacturers Available at good dealers or direct 
from Trojan Products 
Please state which Micro 



Micro Computer Software 4 Accessories 
Send choque/p.0. to: 

TROJAN PRODUCTS 
Dept Y. Com. 2, 166 Oerlwyh, Dun vent, 
Swansea SA2 7PF Tel: (0792) 205491 

TRACE ENQUIRIES WELCOMED 



MAIL ORDER 
ADVERTISING 

British Code ol AdvrrtlaJfeg Prectlc* 

Advertisements in this publication Ate required to conform to trie 
British Cod* of Advertising Pmeiic* In respect ol mail Order 
advert moments where money is paid in advance, ihc code require % 
advertisers lo fulbl orders within 28 days, unl*s* a longer Oc livery 
period if Slaled Whore qpQi Is ant returned undamaged wlIJwi seven 
days r lhe purchaser s money mus! Di? refunded Pit-aw retain proof of 
postage ' despatch. as this may be needed 



Mall Order Proleellon Scheme 

If you order goods hum Mul Order advertisements m this magazine 
and pay t>y post in advance of doiiv*ry Argus Specialise Pubiicabqn^ 
Ltd mil consider you for compensation iP thr Adwftt* or sfioutcf become 
msoiiveni or bankrupt provided 

You have not received \m goods o r had your money relumed 
and 

{?) You write io the Pg Wisher ol this publication, summa rising me 
s 1 1 ullion not e artier i ha n ? S da y s from the day yo u i you r order 

and not Inter lh*n iwo monlh* Irani ihal day 

Please do not wait until ihcHasf moment lo unlomi us When you wnle 
we will tell you how Jo make your claim and what evidence ol payment 
is required 

We guarantee to meet claim $ If om readers mad* m accordance with it'v 
above procedure as soon as possible afk>r the Advertiser ha 4 ; been 
declared bankrupt or msoMsnl ^up to a limit gi t? 000 per annum foi 
any one Advertiser SO affected and tip lo £6.000 per annum m respect of 
alt insolvent Adversers CLiims mair be paid lot higher amnynii or 
when the above procedure hp* noi been complied *Hh. ai cm- 
discrenon ol this publication but we do not guarantee to do so m view of 
me need lo **l some umil io this commitment an g io learn quio-i, of 
readers difficult ies) 

This guarantee covers onJy &d vaftnC* payment sent in difOCl lo^ponst* to 
an advertisement in ihij magazine inot, lor eiampi*? paymenl made in 
response lo cataicKjues etc received as a result ol anMA^ring such 
advertisemenisj CJassiiied advertisements are eluded 
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GRAPHICS 




Here it is, the ZX guide 
to the best in graphics 
equipment for the 
Spectrum. 



use if with both Kempston 
Interfaces and the +2‘s built in 
joystick socket. Ol course it you 
don't have a Plus Two you'll 
need . , , 

Kempston Joystick 
Interface £6.95 



business computers have used 
mice lor years, and there are 
now a coupie available for the 
Spectrum (with another on the 
way from Saga quite soon]. The 
AMX Mouse, trom Advanced 
Memory Systems, appeared 
shortly before Rainblrd released 
Art Studio and, being incredibly 
sensible, Rainblrd made Art 
Studio compatible with the 
mouse (though you don't have to 
buy Art Studio as well since Ihe 
mouse comes complete with its 
own bundled graphics soil ware. 
AMX Art). The mouse Interface 
plugs into the Spectrum just like 
a joystick interface, into which 
the mouse is plugged, A good 
vatue-for-money feature Is that 
the mouse interface also 
includes a printer Interface 
which could save you some £30 
it you haven'1 already got one 



Art Studio £14.95 

Unless you're going to slick 1o 
BASIC (not a good idea) the first 
thing you’ll need when you starl 
experimenting wilh graphics is a 
good bit ol software, and, with 
one possible exception. 

Rain bird's Art Studio stands head 
and shoulders above everything 
else, Despite the wretched 
Lenslok anti piracy device. Art 
Studio is a fast and flexible Icon' 
driven package that will help 
you squeeze ihe best out ot the 
Speclrums graphics capabilities. 
It's also available in two versions 
for both 48K and 128K machines 
(although the 128 version costs 
£24.95). 

The Artist II £14.95 

Soltek's original Artist program 
was good, but a bit Iddly to use. 
but the enhanced Artist II has 
adopted the same putt-down 
menu system as Art Studio and 
there's now not o lot to choose 
between Ihe two programs when 
it comes to creating screen 
graphics. However The Artist 
allows you 1o lake text tiles Irom 
Soffek's Writer wordprocessor and 
add graphics to them in order 
1o create a passable Imitation of 
a magazine page — desktop 
publishing on Ihe Spectrum! 

Cheetah Mach 1+ £14.95 

Once you've picked your 
software you then have to 
decide how you're going to 
‘draw’ your pictures on the 
screen. All graphics packages 
allow you 1o use Ihe keyboard 
for positioning a drawing cursor, 
but this can get a bil owkword 
unless you've got the fingers of a 
concert pianist so a joyslick can 
come in hardy. Peoples choice 
of joyslick is fairly personal, but 
we've found this one to be good 
for both delicate drawing 
movements and all-out alien 
zapping, and it has the 
additional advantage ot having 
an adaptor that allows you to 



Almost as old os the Spectrum 

itself is the Kem psion Joystick Troian Liaht Pen £14 95 
interface, more or less the de Nof J os f, eK ,Sfo os a mouse, bui 

facto standard for the Spectrum. |© SS expensive, tight pens hove 

This latest model from Kempston the virtue ot allowing you fo 
is small, neat, ond very ’draw' directly onto the surface 

inexpensive 0 f y 0ur monlior or TV screen. This 

__ can be usetul If you’re frying to 
AMX MOUS0 £69.95 draw curves, wiggly lines ©to 

Everyone's got o joyslick (haven't which can'1 easily be drown 
they?) but the more ambitious using keyboard or joyslick 
among you might want to splash control, as the pen allows you to 
oul on o mouse. Most 'real' draw freehand Trojan's pen 
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comes with its own graphics 
software, though this Isn't os 
sophisticated as it couid be. 

Kempston Mouse £49,95 

The price ot this Is about to 
come down to around £49.95 
according to Kempston, making 
il excellent value. At the moment 
the mouse comes bundled with 
0 copy of Ihe Art Studio making 
It about as powerful a graphics 
tool as you’re likely to get on the 
Spectrum (though when Ihe 
price comes down Kempslon are 
Intending to replace Art Studio 
with their own graphics 
software). 

The mouse llsell is o sleek 
white unit with two buttons set 
Into its 'head' It's very solidly 
constructed, and wouldn't look 
◦ul of place beside a computer 
ten times os powerful as a 
Spectrum. Like the AMX mouse 
this also plugs into the Spectrum 
via its own interface which, not 
surprisingly looks jusl tike the rest 
of the Kempston range of 
Inlerfoces 

Kempston ‘E 1 
Interface £34.95 

Where there's on interface there's 
bound to be o Kempston. and 
the Kempston comes highly 
recommended by ZX regular 



Alan Davis All the software you 
need to run It with Is held 
onboard, it's versatile enough to 
meet just about all your needs 
and. most importantly. It's simple 
enough to use thai you don't 
have to be a genius In order to 
wade through endless lists of 
control codes — unlike a lot of 
printer interfaces this one is 
actually , user*friendly'l 

Euroelectronics 
ZXLprint III £34.95 

We had to give this one a 
mention since we've had one In 
our offices for o couple ot years 
and never had a moment's 
trouble with it (Ihls article was 
dumped onto our printer with It]. 
It's compatible with both 
Centronics and 9S232 printers 
(you Just have to buy the 
relevant cable), and like the 
Kempston *E' it has its own 
onboard software 

What about a printer? 

Oh dear. This is where it could 
slarf to get a bit complicated. 
Once upon a time you had a 
choice between a big expensive 
real' printer or a number ot 
small cheap 'dedicated' printers 
which were specifically 
Intended for use with the 
Spectrum (Sinclair’s own ZX 



printer, the Alphacom 32 and 
Selkosho GP50-S). Unforlunalely 
none of these are still in 
production, 'though you might 
be able to find one or two still 
floating around in shops. 

So, you no longer have any 
choice — if you want to prlnl out 
any of your graphics 
masterpieces you're going to 
have to fork out somewhere in 
Ihe region of £200 for a lull-size 
printer and interface; 

A printer is a fairly serious 
piece ot hardware and, in 
general, the price reflects the 
quality of the machine, although 
few Spectrum owners are likely 
to need to typewriter qualify 
print ottered by the top*range 
machines costing £400 upwards. 
If you're only interested in 
printing screen dumps you 
probably don't need near letter 
quality printing, but its not 
going to cost you much extra 
and Is bound to come in useful 
one day — especially if you ever 
want to sell your printer os 
second hand, so bear that in 
mind. However, there are a few 
printers that offer high quality at 
relatively low prices, our 
particular favouriles being: 



Amsirad DMP2000 £159 

About as Cheap as you're likely 
to get. and offering surprisingly 
good quality. Like most Amstrod 
products Ihey've kepf it simple 
and cheap, so Ihls looks a btl 
like a baby compared 1o some 
of the heftier numbers around 
but it will do screen dumps and 
near fetter quality text printing - 
and for under £200 that's good 
going. 

Compliment LQ £199 

Part of Saga's Compliment word 
processor package this Is on 
excellent machine that's as 
good as some much more 
highly priced primers. Obviously 
geared towards word processing 
rather than graphics, but still 
capable of good quality screen 
dumps. 



Citizen 120D £235 

Starting lo get a little pricey but 
this is aboul as good as most 
home computer owners will 
need, There is a very good letter 
quality mode tor printing text, 
and H's crammed with 
international character sets and 
self^diognostic tests, and takes 
single sheets of paper or 
perforated printout paper. Some 
of these features are luxuries, 
rather than necessities, bui if you 
can afford It you’re not likely io 
have to buy anolher punier very 
soon, 
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UTILITIES 





Bold 



Hot on the heels of The 
Advanced Art Studio 
comes Audiogenic’s 
graphics package for 
the 128 and Plus 2. 



ICON 



a lime con be held In memory). 

The other new commands are 
mainly for 'cut 'n paste' allowing 
you to define small sections of 
Ihe screen which con be "lifted 
up' moved around, rotated, 
rejected and otherwise abused. 
As l mentioned these can be 
found on ordinary 48K 
packages, so white their 
inclusion now is a good Idea I1‘$ 
not exactly a giant leap forward, 

Trace 

One new feature which is quite 
original is the TRACE command. 
Once you've defined a window 
(or a 'cutting* as the manual 
calls it) you con use this 
commond on whatever Is drawn 
within it. What It does is to invert 



Ihe paper and ink within the 
cutting and lo then surround 
any solid areas with either a 
black or white outline 
depending on the nature of the 
drawing. This might sound a little 
pointless but It actually creates 
a kind of 'polarised’ effect that 
mokes even simple drawings 
look more interesting, and it cor 
be used repeatedly to build up 
some unusual shading effects 
which might otherwise lake 
forever to produce It they had to 
be drawn convent Ion at iy. 

This TRACE command Is the 
highlight ol the package, and, 
along with the icon menus 
(which I found simpler lo use 
than on Art Studio or The Artist) Is 
one of the areas where it scores 
over the competition. However 



New features 



Unlike the enhanced version ol 
Art Sfudtp which uses the 128's 
additional memory mainly for 
fast data storageketrleval and 
which has relatively few new 
facilities lor actually creating 
graphics, Ihe new Icon Graphix 
package features a number ot 
options which were absent Irom 
the original. Mind you, the 
original Icon Graphix lacked 
certain features that could be 
found in both Art Studio and The 
Artist (such as texl handling and 
cut and paste" commands) so 
the upgraded version has been 
brought Into line with what we've 
all come to expect as standard 
trom graphics packages ihese 
days. 

The layout of the screen 
display remains unchanged, 
with the central drawing area 
surrounded by a border made 
up of the various FILL patterns 
and, along the bottom ol the 
screen. Icon symbols for ihe 
graphics commands. This Icon 
menu now has an added 
feature though — a PAGE Icon, 
which when selected calls up 
pages 2 and 3 ol rhe menu 
containing the new commands. 

The fill. PEN. and shape 
commands (lor drawing boxes, 
lines, circles and ovals) were ail 
standard on the 4BK version but 
the new commands include 
some lor adding text to your 
pictures (and there is an 
Impressive variety of lonls 
included on side two of the 
tape, although only one font at 



udiogenic’s Icon Graphix 
package was launched about a 
year ago, at the same lime as 
the Spectrum 128 appeared. The 
first version to appear was tor the 
48K machines but, not 
surprisingly. Audiogenic also 
announced lhat an enhanced 
version for the 128 wos on its 
and. now that Amslrad's own 
version of the 128 is well and 
truly here, they've finally gotten 
around io releasing Icon 
Graphix 128. 
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(here ore other features which 
could be improved upon given 
the 128^ potential. 

Although fhe program allows 
vou to control fhe cursor from 
keyboard, joystick or (Kempston} 
mouse, the movement ot the 
cursor is fairly slow and it can 
take a couple of seconds to 
move the cursor from one side of 
fhe screen to another (good If 
you're doing defolted work using 
the MAGNIFY option, but 
irritating it you're trying to 
quickly move from one icon to 
another). 

The Flu ond shape drawing 
commands are also slow, and if 
you're defining a cutting with 
the cut and paste commands 
that is more than about 1.'4 of 
the size of the screen you can 
almost hear the poor machine 
straining to keep up os it tries 1o 
constantly redraw the window 
Finally, the SAVE/LOAD facilities 
are a bit of a mesa You can 
save or load a normal SCREENS, 
a document’ or a cuffing, 
though the manual doesn’t 
really explain how o document 
differs from a SCREENS. The 
loading option is a bit finicky 
about accepting names and 
you can't just load the first 
SCREENS that you come to on 
lope (ie using LOAD " " SCREENS), 
as you’ve got to know the name 
ol the screen to start off with. This 
is tine If you've saved a picture 
drown trom scratch on the 
package, but ll you’ve got some 
pictures saved onto tape that 
ore taken from anywhere else 
you've got to make sure you 
know Iheir names before you 
can get at them. Icon Graphix 
128 is an Improvement upon fhe 
original. I found it easier and 
more enjoyable to work with 
lhan many other graphics 
packages t ve had to review in 
the past, mainly because the 
icon menu Is so sell-explanatory 
and visible on screen all the 
time rather lhan Just popping up 
and down before you’ve 
monaged to figure out what 
you're doing. 

As l mentioned, the program 
could be foster lhan it is, but on 
Ihe olher hand it does cost just 
£12.95 compared to a fairly helfy 
£25 lor the 128 version of Art 
Studio, so while If might not 
molch Art Studio In sheer speed 
and number of options It still 
works out ai quite good value. 
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HARDWARE 




John Wa$e plugs in o 
new multi-purpose 
interface. 



Disciple 

Rockford Products 
£73.70 (+ VAT) 



f=or several weeks I had been 
anticipating its arrival. At last a 
cryptic message came — "a 
disciple wilt shortly arrive al your 
house” It was on its way 
My delay In receiving this 
interface was due to a technical 
problem; the NEC BOM version 
ot the Spectrum gave trouble 
with their llrsi issue, and the ROM 
In the Disciple had to be re- 
written Advantage was therefore 
taken of this to Incorporate 
several improvements into the 
system, and H is this version, 
version 2, which I tested Disciple 
comes complete with instruction 
manual, guarantee and a cas- 
sette As the picture shows, the 
interlace itseit Is a long, flat 
plastic box on which your 
Spectrum sits, a bit interface 
One-ish in shape, with an edge 
connector on top to connect the 
Spectrum and the customary 
through-port on the back. To the 
right of this ore ihe joystick port 
and network connector, wilh the 
printer interface on the end of 
ihe box. To the left are a 



standard BEEB-type disc Interface 
connector, a second joystick 
port and network connector, and 
on Ihe left-hand end, Ihe inhibit 
and snapshot buttons. 

I approached the system with 
some frepidalion, being preju- 
diced Ihrough long familiorlly 
with the Opus system. So at first t 
didn't like the rather creaky 
plastic box: a 128K Spectrum + 2 
overhung this rather a lot, and l 
was giod I had left an the big 
teet which ) need with the 
Discovery, tor they Just supported 
in Ihe right places the overhang 
from the Disciple. A standard 48K 
Spectrum was less lucky and 
needed a cassette temporarily 
wedged in front of it The first two 
Disciples had rough handttng in 
the mail and the snapshot 
switch was damaged in each 
case; Rocktort leli me Ihol more 
robust switches are now being 
used, and lhal the packaging is 
being modllied Whilst none of 
this improved my confidence, as 
I used it and gradually got used 
to it. I began lo like it and 
appreciate its many virtues 



Hooked 

The manual contains a lot of 
useful basic information, but 
lacks anything delated on 
machine code, although It 
mentions that the hook codes 
are the same as Ihose tor micro- 
drives 1 am lold that by the time 
you read this, there will be a 
new. ring-bound version ot the 
Instructions which will hove 
revision for containing compre 
enslve information on machine 



the utilities program supplied on 
cassette. After answering various 
prompts, you ore ready lo tormat 
a disc Two surprises: firstly the 
disc Is not named: you have to 
name it on rhe label; secondly 
a small code program called 
“systems'' Is also saved on Ihe 
disc at the same time A cold 
storl involves switching on 
computer, inserting disc and 
typing RUN, when the systems 
program is loaded. This can be 
a bit Irritating but does ensure 
that the system can be updated 
to cope wlih alterations in olher 
systems. There is provision tor one 
further auto-running program on 
ony one disc 

Disclpfe comes wlih a truly 
comprehensive array ot com- 
mands, LOAD D1“program H , lor 
Inslance. works, as well as micro- 
drive commands. So does SAVE 
dl “program’' SAVE DVprogram” 
saves and then also gives you 
the short directory or catalogue, 
which numbers eoch tile, fells 
you what II Is and the start 
address and lengih If it is code 
This allows you to use the very 
short syntax LOAD p6, when 
number 6 in the list Is loaded 
from the last disc in use All the 
commands one would expect 
are there Including wild card 
tiles (to ERASE numbers! 
numbers2, numbers 3 etc. enter 
ERASE Di n* "). A well thought out 
system. 

In addition to the disc 
interface Itseit, one or I wo other 
little gizmos are incorporated 
Clearly aimed al the games 
player Is a snapshot button: this 
takes a copy ot what is in 
memory, and, in Ihis case, saves 
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which will not copy from on© 
disc to another on a two disc 
system; thus piracy Is minimised. 
The two joystick ports can be 
configured either os Sinclair or 
(left hand only) as Kempston. 

A great deal of thought has 
been given to networking. 
Disciple has two network ports* 
each taking inexpensive 
standard 3.5mm jack plugs and 
standard cable. In this way, a 
shared access network con be 
set up with a master station and 
pupil stations; the master can 
transmit programs to the pupils 
and even call up their screens 
to check their work; they, in turn 
con call up programs tram o 
cenlral disc or print on a central 
printer. 

Centronics 

the centronics interface Is fairly 
unremarkable The answers to 
the Initial utility program Involve 
information about the printer In 
use If It Is not an Epson com- 
pailble The answers are Incor- 
porated in the systems program 
which has to be used to boost 
up the system; a nuisance If you 
ore using dot matrix (or rough 
copy and daisy wheel for the 
finished document. LUST and 
LPRINT are supported, together 
with COPY SCREENS which 
copies Ihe screen. Any control 
codes that you want to send to 



the printer are preceded by 
CHRS27. even It you wish to send 
CHRS27 itself; tortuous but 
effective. This can, however, be 
changed (It has to be for 
Ta sword, for Inslance, for version 
2 will transmit only four control 
codes at any one time). 

Now for the meaty bits. I took 
one ot my son's games and 
converted It onto disc This 
consisted or a basic loader, a 
screen and a piece ot machine 
Gode 38351 bytes long (virtually 
a full 46K Spectrum). 

Loading this from tape took 
just short of live minutes. The 
same thing took a spectacular 
seven seconds from the Disciple! 
t loaded the game again and 
took a snapshot. Taking it took 
between eight and nine 
seconds. Reloading took five 
When times get as short as this It 
1$ Impossible to be very 
accurate; all you can soy is that 
they are Impressively fast, Savina 
Is equally fast — 1 used the SAVE 
D1 "name 1 ’ version for the picture 
and for the code; in each cose 
the bulk of the seven or eight 
seconds was the time required 
lo display the directory Indeed, 
the only operation which took 
longer was formatting. 

Talking of formatting, I found 
that there were one or Iwo 
Interesting comparisons to be 
made Discovery has a directory 
length (110 flies) which Is 



Independent of the disc type 
and which can be extended it 
necessary. Disciple allows only 
40 entries in single density and 
00 In double The sector length is 
similarly interesting, Discovery 
and Disciple (80 track] has 512 
byte sectors. Although these 
bigger sectors and the lack of a 
compacting lacillty on Disciple 
could mean more wasteful use 
ot the disc this is made up lor a 
larger formatted capacity, 
allhough do remember that you 
have to put Ihe "systems” 
program on the disc 

My overall impressions ond 
comments? Welt, llrst the bad 
news* It's going to cost quite a 
lot for o complete system, for 
you've got the cost of a drive on 
top of the £79 odd for Disciple, t 
felt It was a bit ptasticky, a bit 
flimsy, ond l managed to get the 
disc connector In the wrong way 
round. Much of this was when, 
all thumbs, I was trying to 
connect up and get if going, 
Havtng got used to if. well. It’s 
great There ore all sorts of 
additions: the snapshot, the 
comprehensive networking, the 
availability of two Sinclair or one 
Kempston joystick ports, Ihe 
ability to run microdrive software 
and to have It transferred by 
means of the Inhibit button, and 
above all. fhe incredible speed 
of transfer. You know, I rather 
fancy one myself. , , 




notch game or a useful utility for 
the Spectrum or QL why not 
send it to us for appraisal on 
cassette or microdrive complete 
with a listing if possible. 

There is also our new feature 
Short Cuts to showcase your 
practical, novel or imaginative 
short routines with cash prizes for 
published listings. For longer 
programs we pay competitive 
rates, and if you have an idea 
for an article or series for ZX — 
drop us a line or phone Bryan or 
Cliff on 01-437 0626 to talk it over. 
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SPECTRUM PROGRAMMING 






A Sound Sampler lor 
any 46K or 128K 
Spectrum by Massimo 
Pilia. 



W o enter ihe program: 

Type in listing 1 and save II with 
SAVE U MS"LINE 5. Then type in 
listing 2 and save Ihis onto 
another tope with SAVE "UT. 

Run listing 2 and when the 
saving prompt appears, position 
your RR5T tope (with MS on It) 
just oiler listing 1 and start 
recording Press a key 

Rewind the tape and load 
listing 1. Once it has loaded 
and run itself you are ready to 
go through the following 
instructions. 

What is Sound 
Sampling? 

Sampling ts a way of digitally 
recording a small amount of 
sound, usually for use In music A 
computers memory is an Ideal 
medium for this type of 
recording, since a sound is In 
memory, it can be subjected 1o 
any number of bizarre 
alterations 

This program allows sound (up 
1o about six seconds long) to be 
recorded, reversed, speeded up. 
stowed down and sequence- 
played in a specific order with 
other sounds The basis ot the 
program is the machine code 
ihaf records and plays bock the 
sound. This works by reading the 
cassette port at high speed, and 
feeding Ihe sounds that are 
read into memory in the form of 
data bits By reversing ihe 
process and reading the bils 
trom memory and out ot the 
cassette port and buzzer, ihe 
sound is reproduced. Changing 
the speed that the sound is 
played back at wit! also change 
the pitch of ihe sound 

There are four modes of 
operation: 

SOUNDS - this is the mode 
where the sounds are sampled 
and cut up tor use in the other 
modes. 

PLAY - sounds set up In SOUNDS 
mode can be played back at 
eight pitches covering an 
octave. 

BARS — up to eighi bars, each 



containing up to eight sounds, 
con be entered in this mode 

PROGS - bars created In BARS 
mode are strung logether In up 
to 6d steps here 

The SPACE key switches you 
between modes and the cursors 
in SOUNDS. BARS and PROGS are 
controlled using keys: 5=left, 
6=down, 7= up and 6 = right with 
0 for edit. 



Sounds Mode 

tn this mode the program is 
controlled with Ihe following 
keys: 

1 — Selects the number of boots 
per bar (up to eight). 

2 - Selects the blocks 1 per beat 
(see note below). 

I — Input (record a sound). 

O - Output (playback). 

L — Load. 

S — Save. 

K — Key (musical key In PLAY 
mode). 

When using I, O and S they 
operate on the sound 
underlined by the cursor, this Is 
Ihe moving line which 
underlines various functions and 
sounds and is conlrolled by the 
keys 5, 6. 7. 8, 1o move It in the 
direction ol the arrows. 

The memory that sounds are 
sampled into Is divided into 120 
"blocks”, each 256 byles long 
There are ten sound 
configurations (0*9) which are 
simply windows on this memory. 

Each ol these configurations 
has lour values as shown on the 
top left of the screen The lop 
right displays the mode you are 
in. The meaning of these values 
Is: 

5TA — this is the ’block’ where 
the sound siarts In memory 
(0*119) 

LEN — the lenglh of the sound 

( 1 - 120 ). 

D! — Ihe direction of the sound 
(forwards/ backwards). 

DE - the deloy used when 
ploying back or recording the 
sound. This determines the 
speed and quality, 

Another value - BTS - is also 
shown but Is just the number ol 
beats ihe sound occupies. This is 
calculated by LENi BLOCKS/BEAT 

Recording 

1. Set up the computer and lope 
recorder as shown In figure 1. 



On most tape recorders pressing 
PAUSE +PLAV.REC should allow 
you to sample from the 
microphone, 

2. Configure a sound so os to 
use up tne rest of remaining 
memory. EG. set up sound 0 as: 

N- STA -LEN- Dl -DE 

0 — 000 — 120 — £ 0—01 

by moving ihe cursor with keys 
5-8 until It Is benealh the value 
you wish to change, press 0 and 
then enter the value you require 

The delay Is set to 01 tor 
maximum quality ft the deloy 
was higher the sound could 
then be replayed al higher 
pilches (ie lower delays) but 
would be of poorer quality. 

3. Press I lor input and reply "y" 
to the "Sure?" prompt. 

4 Press a key to start sampling 
when you are ready The sample 
Is complete when the "PRESS A 
KEY” prompl disappears. 

5. Press O to listen to your 
sample. 11 will sound best 
fhrough headphones plugged 
info the ear socket at ihe back 
of Ihe computer. 

6 Now you must tighten up the 
sound, ie. chop off any excess 
sound before or otter the pari 
you wont. Start by Increasing the 
start value (STA) bit by bit, you 
will have to decrease the LEN 
value before each increase ol 
STA as the TOTAL of STA+LEN Is a 
maximum of 120. Listen to the 
sound each time unlll there Is no 
superfluous sound before fhe 
portion you wanf. 

Now decrease the lenglh 
(LEN) value until the sample Is 
exactly the portion of sound you 
require. 

7, Your sample Is now complete 
You moy reverse if by moving fhe 
cursor to fhe Dl column and 
pressing 0. You may olso 
change the delay (speed). I 
shall explain the various ways of 
using a sample in o moment. 



Play Mode 

This mode uses the following 
keys: 

1 — Record. 

2 — Playback. 

In Ihe Record sub-mode the 
sound currently underlined by 
the cursor In SOUNDS is turned 
into a musical (or not so 
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musical) instrument played on 
keys 1-8 In the key specified by 
the K key from the SOUNDS 
mode. 

0 toggles recording of tunes 
ON OFR 9 exits the sub-mode, 
in Ihe Playback sub-mode a 
tune recorded in Record can be 
replayed by tapping out the 
rhythm on the 0 key 9 exits. 

Bars Mode 

This mode uses the following 
keys: 

0 - Run; Initialise (bars). 

E - Toggle Slop/Repeol. 

C - Toggle beat counter 
ON.'OFF 

Hold down any key on the 
bottom row to stop the sequence 
looping endlessly (this happens 
when repeal is ON). 

When the beat counter Is ON. 
any bar entered that does not 
contain the right number ol 
beats (Ie. when the tola I BTS 
value of every sound in the bar 
Is not the same as 8EATS/BAR) will 
be rejected. This bar must then 
either be entered correctly or 
deleted by jusl pressing ENTER. 

In this mode eight bars (lists of 
sounds) can be ediled and 
stored. These can be played 
back In order in this mode or in 

0 more complicated sequence 
from PROGS mode 

Entering bars , 

1 Move the cursor under the bar 
to be ediled and press 0. 

2 Type in your bar. (Eg. 11134132). 
The numbers are the numbers of 
the sound samples that you sel 
up in SOUNDS mode. 

3 Enter any another bars you 
wont to enter. 

4. Press O and then enter ‘V 1o 
initialise. 

5, Press O and then "r“ for RUN 
to listen to your siroke of musical 
genius. 



The example bar in slep 2 will 
play sounds 1,1,1.3,4,13,2 in that 
order When counting Ihe beats 
it counts sound 1 four limes and 
3 twice. Bars are split into eight 
parts, I prefer 1o leave the 
counter OFF but it Is ihere for a 
purpose. 

Progs Mode 

This mode is controlled by keys 
O and E: 

0 — Run Initialise (sequence). 

E - Toggle STOP/REPEAT. 

hold down any key on the 
bottom row to stop a sequence 
from playing. 

Bars can be strung logelher in 
up to 64 steps. This is tor longer, 
more complicated sequences 
and tor quicker editing. 

Entering steps: 

1 Position the cursor under Ihe 
value to be edited. 

2, Press 0 to edit and enter the 
number of Ihe bar you want 
Enler 0 to signify the end ot the 
sequence. 

3, Enter any other steps you want 
lo enter. 

4, Press O and then I to Initialise. 
Press O and then V to listen to 
the sequence. 

Whenever on alterolion is made 
in ellher PROGS or BARS mode 
remember to re-initialise them. 

Using a Sample 

Once a sample has been 
created several things can be 
done with it: 

The sample can be used as a 
musical instrument In PLAY 
mode, 

2, The sound con be put Into a 
simpler sequence on its own, II 
you have sampled some speech 
as: 0*000- 016-FO -01 then you 
could set up sounds 1 and 2 as 
shorler versions at 0:- 
1 000-002F001 

2-000 -004 -F 0-01 



In BARS made enler bar 1 as: 
211220 Initialise and run it (or a 
N-N-N Nineteen effect. 

3. Echo can be simulated by 
"layering" the sound, Sel up the 
sounds like this: 

N- STA — LEN— Dl -DE 

0- 000 — 004— FO— 01 

1- 002 -004- FO -01 
2 - 004 -004- FO- 01 

3- 006 —004— FO—01 

4- OQB-GOd-FO-OI 

5- 010 —004— FO— 01 

6- 012 -004- FO- 01 

7- 014 — 004 — FO — 01 

Enter bar 1 as 01234567, Initialise 
and run il. 

4. The sound may also be used 
as part of a more complicated 
sequence using other sounds (ie. 
o drum beat). 

Sequencing a Tune 

Sequencing a tune poses a 
problem because when the 
sounds pitch is changed its 
length in time Is also changed 
This means that the rhylhm goes 
oul the window. As the program 
doesn't have a timer another 
method has lo be used: 

Set up sounds 0-7 thus: 

N- STA -LEN- Dl -DE 
0- 000 — 008— FO— 00 
1 — 008 — 008— FO— 08 

2- 016— 0G6-FO-16 

3- 024 -008- FO- 20 

4- 032 — 008— FO— 28 

5- 040 -008- FO- 36 
6 - 048 — 008— FO — 44 
7-056 -008- FO -48 

Sample the same sound 
{presumably a recorded sound) 
inlo each area, Now change alt 
delays bock lo 00 

These delay settings are in 
the key at C (at a guess) and 
represent the notes CD.E.F.GAB 
and C Add 4 lo a delay for a 
Hot and subtract 4 for a sharp. 

Example Rhythm 

If you managed to lake all that 
in you are ready lor your first 
drum rhythm using MINI-STUDIO. 

1. Enter SOUNDS mode. 

2. Set up sounds 1-3 like Ihis: 

1000-003 FO 01 

2 - 003-003* FO- 01 

3- 006-003-F001 

3. Inpul or load a bass drum 
sound into 1 

4. input or load ◦ snare drum 
sound info 2. 

5 Input a blank (silence) into 3, 

6. Enter BARS mode. 

7. Turn the beal counter off 
(press C). 

8. Enter the following bars: 

13132313 13332333 13232322 13132133 
33132133 11112111 33112111 13222223 

9 Initiallse. 

10. Enter progs mode and enter 
these bar steps: 
1213425362736873 

11. Initialise and run this 
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M . -STR — LEN— Dl-DE — BTS 


MODE : SOUNDS 


0: -A00-004-FO-01/1 




1: -000-004--FO-01/1 


5/6/7/B 


9: -000-004-FO-01/1 


FOR 


3: -000-004-FO-01/1 


CURSORS 


4-: -000-004-FO-01/1 




S: -000-004-FO-01/1 


SPRCE 


6: —000 —004 -FO-01/1 


FOR 


7; -000-0Q4-FO-01/1 


MODES 


S: — 00©— 0O«1 — FO-01/1 




9: -00 0 -0 04. -FO-01/1 




1-B/BRR:S I = INPUT L 


= LOflD K = KEY 


2-BLK/B: 4 G=OUTPUT S 


= SRUE (C) 


C =TOGGLE COUNT CONS 


STUDIO ©1086 


E=TOGGLE END (STOP) 


M . P i LiS 


0=RUN/INIT IfiLXSE 


SEQUENCES 


00000000000000000000000000000000 


00000O00 000 0000000 000 0000000 0000 



Hgtirt 2. f xompto of Ihfl tcroon deploy. 



Listing 1 



7 HEM MXNt‘STimiD 
3 CLEAR VAL *33791 * ! LOAD * *C 

OK 

10 LET 4c -VAL *BM LEI kt**Z212 
771*: LET (m- "COFFGABM LET d-PI 
-Ft : L E f «*PV-PI? LET p*-VAI “20 
* : LIT py-FI-Fl; DIM ct(VM *64“ 
11 DIN dfVAL *G* f VAL *7**1 LET I 
-Pf-PIl LET it-^V LET fl-Pl-PI 
! I FT b.r-VAL *0* : LET h|k-UAl 
4*: I FT *1*VAL *M B : LET yi-PI-P 
It LET F-Pt-Pl: DIM *fVAL '10MU 

AL *4* PS DIM pAtVAL *©% VAL *0*1 
E LET k-Pj/Pl; LET y«-jNT PI 

70 FOR 4-PI/P1 TO VAI *10*; LE 
T iU, VAL *2*1 -VAL *4** LET *li| 
VAL *4*1-1: NEXT mt FDR A-PI/PI 
TO VAL "64“S LET C*l«f**P*l NEXT 
■ 

37 GO SUP VAL *930- 
33 CL £ : PRINT AT | 7 t 70 ¥ ■ STUB 1 
0190**1 AT I0 P 731 *H.Pm A* 

30 PRINT AT PI-PI t PI-PI | *NE -ST 
A-LEN-D1-M -ITS" 

36 PRINT OVER PI/PIiAT P I ’PI * 

PI-fI1*_ * 

37 PRINT PAPER VAL *6*| AT VAL 
9 u a »n*Pii fl i-9/iMi *tfewi * i-i 

NPUI L-LMD K-KLY 7 K/bf‘ Mblk 

i* o-ouiPtu s-save c - 1 i* rk i a * i 
“I AT VAL *7*, VAL *74*1*3/6/7/0* 
I AT INT Pi | VAL “74"*" FOR - 1 At 
VAL *4*i VAI *74“ 1 "CURSORS" | AT V 
AL *4% VAL *24*1* SPACE * i AT VAL 
*7* f VAL *74" I" FOR MAT VAL * 
0*i VAL *74*1* NODES MAT VAL *19 
MPi-Pii* 0 -run/ Initial t se ses 
UEHCES 

40 PRINT AT PI /PI .PI -PI 1 t FOR 
4-Pf-PI TO VAt *9*t PRINT AT **P 
I/PI*PI-PJ| PAPER VAL *A*f INK V 
AL *7M*f £ PRINT *t-*|S IF *I**P 
I/PI # Pl/Pri<VAL *10* THEN PRINT 



PI -Pit 

43 IF * t* *PJ fP % i PI /PI If VAL "|0 
0 * THEN PRINT PI -Pi! 

30 PRINT %tm+ PI/PIpPI/PU I *-*! 

I IP ltl*PI/PI t ML *7*MVAL *10* 

THEN PRINT PI-PH 

31 IP ■ t»*PI/PI ,VAt *2MfVAL * 
IW0“ THEN PRINT PI -Pi! 

37 PRINT mtm*Pl /PI, VAL "2*l| 

33 IF wtAtPl/Pl * I NT PI I -PI /PI 
THEN PRINT “ BA‘“ J 

37 IF % f * *PJ fP 1 B I N T PI1-P1 PI 
tHEN PRINT B -FO“ 4 I 

30 IF llA+PI/PI t VAI *4*I{VAL ' 
10" THEN PRINT Fj-Pfl 

39 PRINT *1 A*Pt /PI *VAL *4*J1 
60 PRINT */ M *!** FI/PI, VAL "7* 
I/blklS LET bS-STRS tm l**PI/PliV 
AL "7" I /biiit t 00 SUB VAL *197*1 
NEXT * 

A3 IF #J*PT/Pt THEN LET I I <=PI 
-Pit PRINT OVER PI/PIiAT * t yl*_ 
*: RETURN 

70 PRINT AT VAL * f 3 * , PI -PI | ; F 
OR fl-PI/PI TO VAC "0* 

80 IF A/UAL *2* -I NT 1A/VAL *2* 
I THEN PRINT p*Cllf 

90 IF * /UAL * 2* ( >1 NT E*/VAL *2 
*1 THEN PRINT PAPER VAL *3*}p* 
r « 1 I 

97 IF #/V At * 4 * — I NT *#/VAL *4* 
I THEN PRINT I PRINT 

93 HEX I A 

94 | y 4-pl/PJ P MEN RE 1 URN 

9 A BEEP VAL * * l % VA L * 12*3 PR J 
NT Af P 1 -P I f VAL "2I"1 "MODE: *| PA 
PER VAL *6M INK VAt *2* J * BOUNDS 
*5 00 SUB VAL M*0* 

UP IF INKETS* B 0* AND y-VAL *11 
“ THEN 00 SUB VAL "160"; LET y* 
VAL *|4*; GO SUB VAL *160* 

113 IF INKEY*-*0* AND y < VAL *1! 

* THEN GO SUB VAL *1*0*: LET y- 
y*-VAL "4* t GO SUB VAL *160* 

% 70 IF TNKEY*-*3* AND y-VAL "14 

* THEN GO SUB VAL *16B*S LET y 
VAL *11": GO SUB VAL *1*0* 



123 IF 1NKETS--3" AND y { VAL "14 
- AND y > INF PI THEN GO SUB VAL, 
*l60*t LET y-y-UAL *4 M GO SUB V 
AL M 60 " 

I3P IP INKEY***** AND x < VAL MU 
" THEN OO SUB VAL * 1 6®M LET *• 
JC+PI/PI : OO SUB VAL *160* 

137 IF INKEY9-*1" THEN 00 SUB 

VAL *300* 

133 IF INKE Y0- * 2* THEN GO SUD 
VAI * 3 r 0 * 

137 IF 1 NKLY9- * m* THEN GU SUB 



VAI * 90« • 

130 IF 1 NKfe ¥♦— * J “ THEN GO IO V 
At *910" 

139 IF INKt r*"*k* THEN 00 SUB 
VAL *930“ 

*40 IF INKEY*" *7" AND OPI/PI T 
HEN OO SUB VAL *160*; LET 
1/PI: OO SUB VAI *160* 



143 


IF INKET*«*0* 


THEN 


till 


SUB 


VAI 


*170* 








147 


IF 1HKEY9-* * 


THLN 


GO 


TO V 


AL * 


700* 








148 


IF |HKEV*«*|+ 


THEN 


GO 


SUB 


VAL 


“ 6 00 * 








149 


IF INKEY*i**o* 


THEN 


GO 


SUB 


VAL 


"600" 








13A 


GO TO VAL *110* 







131 IF nfst.INT PI^-P1-P 1 THEN 
PRINT AT *, yl ■Fd*f AT ^ r IMT P]|: 
LET b*>STRB «Cx t PI/PI)I FOR 4-PI 
/PI TO INT PI-LEN b«t PRINT *0*1 
: NEXT d: PRINT fttx t P!/PH: 00 S 
UB VAI * *60" : RETURN 

132 IF «Ix p rNT PII-PI/P 1 1 HEN 

PRINT Af x 4 y|*BA"|Al i p INI Pi [ 1 
LET b*^SfN» BlM t PI/PIII FOR t*pR! 
/PI KJ INI Pl-LEN 33; PR INC *0*1 
: WEKf 43 PRINT *<* f P I/Pfls 00 B 
UB VAL ”160”: RE TURN 

160 PRINT AT X,yl OVER FI/PU*_ 
" : BtEP VAL **01 * , UAL * 12* t PLIU 
RN 

170 IF y-INT p] THEN LET b-PX / 
PI 

173 IF y-VAL *7* THEN LET b»VA 
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L *2* 

L74 IF y-VAL *M P AMD 5 I s 4 I HT P 
II “PI -PI THEM LET ft I x # P I 7P I j “ft f 
ifpPJ/PIl ♦ftlw.VAL *2*1 : LET i^p] 
Nf PI I -PI /PI! GO SUft VAL *151*1 
RETURN 

J77 IF y-VAL *11* AHU ftlx.INT P 
1J“PI/PI THEN LET ft I x p P I / PI I ** f 
■ p pi/fi i-mtx p VAt "2"i; LET *1*,! 
NT PIJ-PI^PIE GO SUB VAL *131 " J 
RETURN 

] 78 IF y“VAL "14* THEN LET b*U 

At - -1 * 

17? BEEP VAL * fc 0l%VAL *12*! IN 
PUT *:*v«tK i bi: print Ar * ( ys: i 

F b-UAL - 2 - AND stw^l )VAL “120“ 
I NEK DO r o VAL *17?* 

IfJtJ IF b-UAL *4' AND mCx^bllVAL 
*64 p UR b-UAL -4" AND mCx,bl<PI 
-PI I HE N GO TO UAL *17?* 

101 IF nfXpINE PU-PI/P1 THEN 
JF |I« h PI/PI 1-4(K|VM. “2 p itP|-Pl 
THEN GO TO UAL * 1 79 * 

112 IF i f k, 1 NT PI I -PI -P] THEN 
If ltK.PI/PU titx.VAt “2-l>VAL * 
120 ■ THEN DO to UAL *17?* 

IUJ IF l f x „ b 1 < UAL *1** THEN PR 

[NT PI-PIl 

114 IF b-UAL *2* AND ft lx, VAL *2 
* M PI /PI THEN GO TO UAL *179" 

% DA IF b-Pl/PI AND m l M , b l < UAL * 



100“ 


OR 


b-UAL “2* 


AND 


ft(K f bl <VAL 


*100* 


THEN PRINT PI- 


PI I 


1W7 


IF 


b-VAL “4“ 


THEN 


PRINT ftf 


Xpbl 










1B9 


IF 


b-UAL *4* 


THEN 


GO SUB V 


AL * 


16B 


*! RETURN 






190 


IF 


b -UAl P 2 P 


THEN 


PRINT ftf 


X | UAL * 


2*1“ PRINT 


Af X 


p VAL *I7*| 


ftlXp 


UAL 


“2*1 /blkf 


: GO 


SUB UAL "1 


96*! 


GO 


SUB VAL * 


l *0 ■ : 


RETURN 



193 PR1NP ftlx p bl: GO SOU UAL *1 

61*: RETURN 

196 LET bB-STWB i & I x „ UAL *2“Wb 
11(1 

197 FUN C-PI/PI IU UAL * 6 * - LEN 
b*t PRINT * *|J NEXT £ ; RETURN 

199 RETURN 

200 SEfcP VAL * * l*| UAL '12*! PR I 
NT PAPER VAL P 6 P | INK VAL *2"|A 
T PI -PI, UAL *2A* 1-PLAY *! GO SU 
B UAL " 60B * 

202 PRINT PAPER UAl *6“| INK P 
I -PI I AT UAC *20*| UAL P 0*| B 1-PLAY 
/RECORD * | AT U 

At " 21 p , UAL *0"i *2 -PLAYBACK 

*: pause pi /pi; 

PAUSE PI-PI; LET |0« INKEY? 

205 IF 1ft-* 1* THEN PRINT PAPE 
R UAl *6*1 INK PI -PI | AT VAL "20" 
^Pl-PIl* 1-0-HOTES 9-EXI1 

*1 AT UAL -21 * p PI -PI | " 
0-TUG&LE RECORD ON/OFF * l 

LET n-USR VAL “43300*! IF a < UAL 
*63000* 1 HEW PUKE #*P1P1 

706 IF 1*“*l* I HEN GO TO VAL * 



2JB Ik lft“*2* f HfcN PR IN) PAPE 
N VAL 4 6' I INK PI-PUAI UAL *20 4 
t P|*Pli p U-PLAYUACK NUIE 

*1 AT UAL *21 * * P I ~PJl * 
9-EX1 I PLAYBACK NODE *! 

NANIIUH I ZL USR UAL -43430“; DO TO 
UAL *212* 

220 PRINT AT VA| *20* p Hl-PI t , p , 
J»0 BEEP VAL * * I * p VAL " 1 2* : PR I 
NT PAPER UAL “6*1 1 NX UAL “2“|A 

I P I «P I p UAL -26* I* BARS* 

303 IF t-Pl-PI THEN PRINT AT V 
AL * 1 2* *PI -PI | *0 TOGGLE COUNT CO 
Nl * 

3P7 IF I “PI /PI THEN PRINT AT V 
AL *17%PI-FI| “C- TOGGLE COUNT 10 
FF1 * 



GO SUB 



LET t-N 



30B IF i-PE-Pl THEN PRINT AT V 
al *ie-,Fi-Fii*^rawLi END fSTG 
PI * 

J09 IF m-PI/PI THEN PRINT AT V 
AL *1B* T Pf-Pn *E- TOGGLE END !R£P 
EAT I * 

31# BEEP VAL *+#!** VAL *12*: PR 
INI A r yl t y|f 

J20 Ik I NKfc" Yft- * B* AND y 1 CVAL "2 
3* THEN HR IN I Al xi f yH* 

“S LET y |*y I * VAL *0*: GO TO UAL 
*310* 

330 IF INKtYft-“3* AND yJJPl-PI 
THEN PRINT AT it I > y I i * "I 

LET yl-yi-UAL *0*: GO TO UAL *3 

10- 

340 IF INKEY*- *7* AND X 1 >VAL *1 
3* THEN PRINT flf xl p yl|* 

* ! LET x 1 “ k A “VAL “2*! GO TO VAL 
*310- 

35# IF INKEY*- *6* AND xKVAL *1 
3* THEN PRINT AT *l p yl1 * 

*! LET X 1 “X 1 t VAL “2"! GO TO UAL 
*310“ 

360 IF I NKE Y*“ “ * THEN GO TO V 
AL “BB0- 

367 IF INKEY*- 4 ** THEN LET m-N 

or *: oo to val * 300 * 

363 IF INKEY*-- o* THEM GO SUB 
UAL *7G0* 

3*7 IE I MK E Y*— * c * THEN LET t-N 
U T t 1 GO TO UAl *303* 

370 IF I NKE.Y*“ “0 “ OR t-VAL “2“ 

I HEN INPUT I. IHfc pft t ( M x l -UAL. * 
1 I “ I #VAL -2 p l*yI/VAL -H-I-UAL *3 
*1! LET f-PJ/Pl ! GO SUB VAL *530 
OU SUB VAL *70*1 LEI T-PI-HI 

400 BO IU VAL *320* 

300 INPUT *|i/ BAR < t '01 : * ? b#r 
502 IF bitr <P I / P [ PR bar > VAL *0" 
THEN 00 TO UAL *300* 

3P4 BEEP VAL “ . 0 1 * „ VAL '12*! PR 
INT PAPER UAL *6*f AT UAL - 1 t * , V 
AL -O* | bar ! RETURN 
310 INPUT * BLK/li: * | b I It 
317 IE blkOPI /P I AMB b 11c OVAL 
p 2* AND b l KOVAL "4* AND b 1 NOVA 
L *B* THEN GO TO UAL *310" 

314 PRINT PAPER UAL "6 P |AT VAL 

* 1 2 * | VAL *0*tblh! LET fl-P|/Pl! 
GO SUB UAL *40*: BEEP VAL *.#1* 

, VAL “ I 2“ ! RETURN 
330 IF t-PWHI THEN LET b-bar! 
GO TO UAL *300“ 

360 IF p*1 t t txl-UAL *i1*>MVAL * 
7“J*yl/UAL p @ * 1 * UAL *3*1-* 

* THEN GO 10 VAL *300" 

3*1 LET b-PI-Fi: FOR «- ] TO O: 
t F p* f I f lxl-1 I It21 * y 1 / tf I ' 3 , ft > * * 

* I HEN NEXT m 

3*2 IF «-9 f HEN UU 10 VAL *370 

■ 

3*5 IF p*( 14 *yl/B I -3 P 

■I-*** THEN GO TO VAL *SB0* 

3*3 LEI b“b**1IVAL pfUHxWH 
#71 *y|/e>-3 f *1 I * I t 21/blk: NEXT ft 
370 IF tlOblf THEN WEEP UAL ** 

I * , UAL P ' I7*5 LET f-PI/Pl: GO SU 
B UAL *70* ; LET I “UAL 4 2" I GO TO 
UAl *370* 

380 BEEP UAL * * 0 1 * f UAL *12 *! RL 
TURN 

*00 INPUT “SURE V * | LINE **: IF 

■*<>*y* THEN RETURN 

401 IF iLHilMT H1 1 “PI /PI THEN 
POKE UAL “*3010“ f VAL “43* 

402 IF mix, INI HI 1-PI -PI THEN 
POKE UAl **30 IB*. UAL “33* 

603 IF 41X, VAL “4*1 “F I -Hi THEN 
FOR a— UAL *43030* TO VAL *63033 
4 : PtiKt a t pi -P i: nexi a: poke va 

L *43003“, VAL “ I 33“ ift I x B PI /Pf I : 
POKE VAL *63003* P * lx t VAL “2*1! b 
0 IU 407 



403 IF «Cx,UAL “4 P I>P1-H1 I HEN 
PUKE VAL *43030*, VAL **“: POKE 
VAL -43032-, UAL “!4*; PUKfc VAL * 
65033 * p VAL *234*1 POKE VAL “*300 
3** VAL *t33**«1x t PlSPIJ ! POKE VA 
L “45003* | ft ( M t UAL “2“i: POKE UAL 
“43031 * j m 1 x » UAL *4 p I 
*#/ SEEP UAL * * 0 1 * p VAL *12*1 PR 
INT AT VAL *2S*,HI-PI| PAPER VAL 
*6*1* PRESS A KEY 

p t PAUSE PI -PI! RANDOM] 7E 
U6R UAL “63000"“ PRINT AT VAL *2 
1 * p PI -HI | f * ! RETURN 
4BB IF mix, J NT PH«P| /PI THEN 
POKE UAL "43067* p VAL p 43* 

40? IF * f H | INT PII-HI-HI THEN 
POKE VAL *45067 * „ UAL *33* 

610 IF mix, VAL “4*1 “Pi -'!P J THEN 
FOR h-UAL *650B9* TO UAL 4 65092 
*! POKE ll, PI -PI! NEXT hi POKE VA 
L -*3060“ t VAL “133“ *l(M M H|/HIi ! 
POKE VAL *45042“ p ■ fx a UAL *2"J; R 
ANDUH12E USR UAL **3040 4 ! RE I URN 

4S3 IF i(k, UAL *4“I>P| PI THEN 
POKE UAL *6300?* , UAL ***: PUKE 
VAL “63091“, UAL *1*“! POKE VAL * 
630V2* i VAL *234*; POKE VAL **30* 
4* P VAL *13J*«*lx,Pf/PH: POKE VA 
L “630*2* , ml x p VAL “2" I! POKE VAL 
*65090 - p |li(p UAL “4“1! RANDOMIZE 
USR UAL **30*0*: RE l URN 
700 INPUT “R or I?* I LINE I* 

2#2 POKE VAL *45il9* p dt (m-PI/PI 

1 

705 IF l*-*r* I HfcN S PRINT PAP 
ER *t AT 21,0!* PRESS A 

KEY *! OUT UAL *254* P V 

AL *51“: POKE UAL *6511**, UAL *2 
33*: POKE VAL * 431 I 7* , UAL 4 90"S 
PAUSE PI-PI! RANDOMIZE USR UAL * 
63115“! PRINT AT UAL *2I* p PI-PI t 
P ; RETURN 

702 IF 1*0-1* THEN RETURN 

710 LET mp-PI -PI: LET c-VAL "21 
296“ ! FUR m-PI/PI TO VAL *B P : Lt 
T d ( ft p pf /HI l*e- VAL *23295": FOR 
b-Pt/Pl TO VAL *fl“ 

711 If p?1ft,bl““ “ OR pft I ft ,b ] ■ * 
m " t HfcN Lb I ftp- mp^PI/Hl! GO IO 
VAL “745* 

712 Lti 4-f ta-l!M»*b-*p 

713 IF ft I VAL p*fft,bl *1 i31-0 THE 
N POKE «; p fttVAL pft E ft , b I *1,11 

720 Ik * I VAL p*<ft,b> +1 *3) *1 THE 
N PUKE C|l (VAL pft Ift, hi i 1 , I M I U 
723 LEI c-c*l 

750 POKE c.it UAl pm I ft , b I * 1 ,21 
733 LET c-c+I 

737 POKE C | ft 1 VAL pft (i,bl U,4) 
73U IF ft (UAL pftfftpbMl ,4M >0 TH 
EH POKE c, I PEEK Cl *120 
73? LET c-ctl 
743 NEXT b: NEXT m 

746 IF ft-PI-PI THEN POKE VAL * 
*3 1 1 9* | d 

747 IF m-PI/PI THEN POKE UAL * 
631 19%4+PI/PI! POKE c*PI/PI l VAL 

*120* 

730 IF m- VAL *?* THEN LET ft-VA 
L “0“ 

733 FOR A-PI/P1 10 VAL *7*! LE I 
dim, VAL “ 2“ I “d t m *P I /P 1 g P I /P 1 3 -d 

lft.PI/Hl j : NfcXI ft 

734 LEI dfVAL “U“,VAL *2*l“fc-V 
AL *2J29b* |-d I VAL * 7* . P 1 /P U - 4 f V 
AL *7* t UA| p 2*l 

76# BEfcP VAL *.#l* i VAl - I 2" : Rt 
I URN 

B00 BfcliP VAL * , 1 “ , UAL "|2“! Pk | 
Ml PAPER VA1 “ 6 “ 1 INK VAL “7“ 

T PI -PI. VAL * 26 * 1 * PRODS ■ 

002 PRINT AT VAL * OT* * FT -HI | eft I 
fO VAL *32*1 I A| VAL “2S%P1-Pl; 



POKE UAL 
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